THE 

INDIAN ZOOLOGICAL MEMOIRS 


ON INDIAN ANIMAL TYPES 

EDITED BY 

Professor K. N. BAHL 

D. Sc. (Pan/.), D. Phil. & D. Sc. ( Oxoti), 

F. R. A. S. B., F. N. 1. 


I 


PHERETIMA 

(AN INDIAN EARTHWORM) 

BY 

KARM NARAYAN BAHL 

D. Sc. (Panjab), D. Phil. & D. Sc, (Oxford), 
Professor of Zoology, University of Lucknow 

FOURTH EDITION 

(Revised and Enlarged) 



With 41 Text-figure* 




First Edition , 2926 
Second Edition, 1936 
Third Edition, 1943 
Reprinted , 2947 



Printed and Published by H. R. Wilson 
at the 

Lucknow Publishing House, Lucknow. 



EDITOR’S PREFACE . . . , 

Zoology as a subject in the university ’ curriculum is 
becoming increasingly popular with students in India, but there are 
very few books that deal with the structure and' development of 
common Indian animals. While our students dissect the Indian 
types, they still use British text-books which are naturally based 
on the British fauna. The need, therefore, of books describing 
common Indian animal forms has been keenly felt ‘ in our 
zoological laboratories. 

In my Presidential Address to the Zoology Section of the 
Indian Science Congress at Bangalore (1924), I suggested that a 
series of memoirs on Indian animal types should be prepared and 
published along the lines of the excellent series issued by the 
Liverpool Marine Biology Committee under the editorship first of 
the late Sir William Herdman and now of Dr. R. J. Daniel. The 
suggestion has been taken up by a committee of zoological workers 
who have decided to issue a series of monographs under the title 
of “The Indian Zoological Memoirs”. The committee have selected 
a number of types for the series and assigned them to various 
workers. Memoir I was published in 1926, Memoir II in 1928, 
Memoir III in 1931, Memoir IV in 1932, Memoir V and a second 
edition of Memoir I in 1936. Memoir VI in 1937, Memoir VII and 
a second edition of Memoir II in 1938, Memoir VIII in 1941, a 
third edition of Memoir I in 1943, a reprint of it in 1947 and 
a third edition of Memoir II in 1950. A fourth edition of 
Memoir I is appearing now, and it is hoped that other memoirs 
will follow soon. 

I. The earthworm Pheretima , K. N. Bahl, Fourth Edition , 

pp. 84, figs. 4L 

II. The shark Scohodon , E. M. Thillayampalam, Third 

Edition , pp. 126, figs. 94. 

III. The Bombay oyster Ostrea cucullata , P. R. Awati and 

H. S. Rai, pp. 107, figs. 51. 

IV. The apple-snail Pila , Baini Prashad, pp. 83, figs. 43. 

V. The monascidian Herdmania, S. M. Das, pp. 103, figs, 64. 

VI. The Drawn Palaemon, S. S. Patwardhan, pp. 100, figs. 65. 



IX. The Sting-ray Trygon. 

X. The Indian carp Labeo rohita. 

XI. The centipede Scolopendra. 

XII. The millipede Thyropygus. 

XIII. The starfish Pentaceros. 

[IV. The scorpion Palamnaeus. 

XV The sipunculid Dendrostoma. 

In addition to these, other memoirs on suitable types will 

arranged for as finances permit. 




K. N. Bahl 






iv.r 



AUTHOR’S PREFACE TO THE FOURTH EDITION 


The earthworm Pheretima is studied as a type of the 
Oligochaeta in almost all the universities of India, Burma and 
Ceylon; as also in those of Japan, China and the Philippine 
Islands. While the junior student dissects Pheretima to acquaint 
himself with the main features of its anatomy, the advanced 
student finds valuable material for study in the anatomy and 
physiology of its vascular, excretory and reproductive systems. 
It has, therefore, become necessary not only to have as complete 
a knowledge as possible of the anatomy, physiology and develop- 
ment of this form, but also to have a suitable description available 
for the use of students and teachers. While I have attempted to 
give a reasonably adequate account of the facts already known 
about this worm, I have also indicated where our knowledge is 
deficient and where further research will prove fruitful. 

The generous and appreciative reception accorded to the 
first three editions of this memoir published in 1926, 1936 and 
1943 has been very encouraging and now a fourth edition has 
been called for. I have taken advantage of this opportunity to 
revise the text completely so as to give a more functional tone 
to the anatomy of the animal and to incorporate several new 
observations in the hope that they would enhance the usefulness 
of the book. 

I am thankful to the Clarendon Press Oxford for permission 
to reproduce fig. 30 C and to the Cambridge University Press to 
include fig. 29. 

Department of Zoology, “ K. N. Bahl 

University of Lucknow, 
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CHAPTER I 
INTRODUCTION 

The phylum ANNELIDA (Lat. a (n) nellus , “little ring”) com- 
prises the segmented worms, in most of which the elongated 
body is divided externally into a number of rings, more or less 
corresponding to similar internal divisions of the body and thus 
forming a series of segments or metameres ; there is a well-developed 
perivisceral coelom generally communicating with the exterior 
through metamerically repeated nephridia ; the gonads arise from 
the coelomic epithelium and the reproductive elements pass out 
through a series of paired ducts, the coelomoducts\ the nervous 
system consists of a pair of cerebral ganglia , a pair of peri- 
pharyngeal connectives , and a double ventral nerve-chain generally 
presenting a paired ganglion in each segment. 

Biologically the Annelida form a diverse group and are 
divided into three classes: (1) the POLYCHAETA (Gk. polus , 
many; chaite, hair) which are almost all marine and occur in 
greatest abundance near the sea-shore; some, like Tomopteris and 
Alciope , are pelagic and float in the open sea; others like Nereis 
and Aphrodite , move about actively in the littoral region; others, 
like Chaetopterus, Terebella and Serpula , live in tubes; while still 
others, like Arenicola and Glycera , burrow in the sand; (2) the 
OLIGOCH AET A (Gk. oligoi , few) which comprise all the 
earthworms of the soil and their freshwater relatives, some 
of which, like the Tubificidae, make tubes of mud; and (3) the 
HIRUDINEA (Lat. hirudo , a leech) or DlSCOPHORA, which form a 
well-defined group of worms adapted to an ectoparasitic mode of 
life and comprise all the leeches, some of which, like Hirudinaria , 
Glossiphonia and Hirudo , live in freshwater; others, like 
Pontobdella, are marine, while the land-leech Haemadipsa lives, as a 
rule, upon the ground in forests. The Oligochaeta are much 
more closely related to the Hirudinea than to the Polychaeta, 
and Michaelsen has therefore united the Oligochaeta and the 
Hirudinea into one class CLXTELLATA (Chapter XII). 

Besides these three classes, there are five small groups, the affinities of 
which are uncertain but which are generally placed within the phylum 
Annelida. These are: (1) the Archi-annelida (Gk. archi , primitive), which 
form a small group of ciliated marine worms like Saccocirrus , Polygordius and 
Protodrilus ; (2) the Echiurida , which include a number of burrowing marine forms 
like Echiurus , Thalassema and Bonellia; (3) the Myzostomida which form a very 
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Small group of generally disc-shaped worms living as external or internal 
parasites in starfishes and feather-stars, and include forms like Myzostoma and 
Stelechopus ; (4) the Sipunculida, a group of marine worms, like Sipunculus , 
Phascolosoma and Phymosoma , which exhibit no trace of segmentation either in 
the adult or in the larval condition; and (5) the Priapulida , a small group of 
cylindrical worms living in mud and comprising only two genera, i. e. Pnapulus 
and Halicryptus. 

PHYLUM ANNELIDA 

Class L POLYCHAETA 

The Polychaeta are worms in which most of the segments 
bear parapodia carrying bundles of numerous setae; the head, as 
a rule, bears eyes, tentacles and palps, and the body segments 
may bear cirri or branchiae or both; sexes are usually distinct, 
and the ovaries and testes are simple and metamerically repeated; 
a clitellum is never developed; as a rule, there is a well-marked 
larval stage, the trochophore , which undergoes a metamorphosis to 
reach the adult stage. 

Class II. Qligochaeta 

The Oligochaeta are worms in which there are no parapodia; 
there is no well-marked head but there is a distinct pre-oral lobe 
called the prostomium ; sexes are united (hermaphrodite) and the 
reproductive organs are localised and complicated; a clitellum is 
generally present; eggs are deposited in a cocoon; development 
is embryonic, there being no larval stage and therefore no 
metamorphosis. 

Class HI. HlRUDINEA 

The Hirudinea are worms in which the body consists 
of a limited and definite number of segments, but is divided 
externally into annuli or secondary rings which are much 
more numerous than the true segments; at the anterior and 
posterior ends several segments unite to form suckers; the coelom 
is very much reduced and is generally represented by longitudinal 
haemocoelomic channels with transverse communications; the 
nephridia and testes are metamerically arranged, but the ovaries 
form a single pair; the animals are hermaphrodite and cliteliate, 
and the male and female openings are median; there is no 
larval stage or metamorphosis, the embryos developing inside a 
well-formed cocoon. 
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Key to the Families of Indian Earthworms 1 


1. a. 


2 . 


3 . 


4 . a . 


5 . 


Testis-sacs suspended in intersegmental septa 
so as to project antero-posteriorly into 
two successive segments ... Moniligastridse, 

Examples : Moniligaster , Draivida . 

Testis-sacs lacking, or, when present, not 
suspended into two segments but restricted 
to the segments to which the included 


2 . 

3 . 

4 . 

Ocnerodrilidae. 
in xii 

Megascolecidae. 


testes belong ... 

Prostates present 
Prostates absent ... ... 

Intestine begins in xii, last hearts in xi 
Examples : Ocnerodrilus, Curgia. 

Intestine begins behind xiii, last hearts 
or xiii ... ... 

Examples : Plutellus, Perionyx, Megascolex , Pheretima , Eudichogaster , 
Eutyphoeus , Octochaetoides . 

Euprostates 2 present ... ... Eudrilidae. 

Example : Eudrilus 

Euprostates absent ... ... ... 5, 

Gizzard oesophageal ... ... ... Glossoscolecidae. 

Example : Pontoscolex. 

Gizzard intestinal ... ... ... Lumbricidae 

Example : Allolobophora, 


Of these six families, the Megascolecidae is the largest 
and the most widely distributed family of the Oligochaeta; 
it comprises as many as 30 Indian genera, of which Pheretima 
is by far the largest genus having 13 Indian species. In India the 
genus is endemic in Burma, the Andamans, Lower Bengal and 
possibly the Nilgiris and the extreme South. A number of 
species ate highly peregrine and have established themselves in 
most of the wanner regions of the globe. 

Distinguishing characters of the genus Pheretima 

Setae numerous and perichaetine; gizzard in viii; excretory 
system meronephric; closed exonephric, v-shaped parietal 
nephridia from vii posteriorly, numerous in each segment; open 
unisegmental nephridia from xvi posteriorly, on both faces of 

1 1 am indebted to Dr. G. E. Gates for suggesting to me this key as well 
as that on the next page. 

2 The name euprostate is applied to a loop in the terminal portion of the 
vas deferens, the ectal limb of which is much thickened and is more or less 
extensively united with the thinner ental limb. 


each septum, with paired postseptal canals leading, to paired, 
longitudinal, supra-intestinal ducts opening into the gut in the 
region of septal attachments; paired tufts of closed v-shaped 
nephridia in iv, v, and vi, each tuft opening into buccal cavity or 
pharynx; testes and male funnels enclosed in testis-sacs; prostates 
racemose. 

Synopsis of the Indian species of Pheretima 


1. 

a. 

Spermathecae more ^ than one pair 

per 




segment 

... 

P, elongata 


b. 

Spermathecae not more than one pair 

per 




segment »• ... 

... 

2 . 

2. 

a . 

Spermathecae one pair ... 

... 

P. taprobanee 


b. 

Spermathecae 2-5 pairs ... 


3. 

3. 

a. 

Spermathecae 2 pairs 

• »« 

4. 


b. 

Spermathecae 3-5 pairs ... 

• M 

6. 

4, 

a. 

Male pores superficial 


5. 


b. 

Male pores invaginate, in copulatory chambers 

P. plana ta 

5. 

a. 

Spermathecal pores on S/5-6/7 

... 

P, morrisi 


b. 

Spermathecal pores on 7/B-8/9 


P. robusta 

6. 

a. 

Spermathecae 3 pairs ... 

... 

7. 


h . 

Spermathecae 4-5 pairs 

... 

10. 

7. 

a. 

Spermathecal pores on 5/6-7/8 

... 

8. 


b. 

Spermathecal pores on 6/7-8/ 9 ... 

... 

9. 

8. 

a. 

Male pores on xx, genital markings invaginate ... 

P. anomala 


b. 

Male pores on xviii, genital markings super- 




ficial ... ... 

... 

P. hawayana 

9. 

a . 

First dorsal pore on or anterior to 

10/11; 




one stalked gland to each spermathecal 




invagination 

... 

P. houlleti 


b. 

First dorsal pore on or posterior to 

11/12; 




two stalked glands to each spermathecal 



invagination 


P. campanulata 

10. 

a. 

Spermathecae 4 pairs 

... 

11. 


b. 

Spermathecae 5 pairs 

... 

P. bicincta 

11. 

a. 

Spermathecal pores segmental, male 

pores 



invaginate, genital markings in the setal 
circles ... ... ... ... P. posthuma 

h , Spermathecal pores intersegmental, male 
pores superficial, genital markings not in 
the setal circles ... ]2. 

12, a. Preclitellar genital markings present; seminal 

vesicles excluded ... ... ... P. difringens 

b. Preclitellar genital markings absent; seminal 

vesicles included ... ... ... P. alexandri 
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HISTORY OF OUR KNOWLEDGE OF THE GENUS PHERETIMA 


The generic name Pheretima was first used by Kinberg in 
1867 for distinguishing one of the six species he described as 
possessing more than eight setae in each segment. After that 
date a number of species of Pheretima were described at 
various times under the generic names Megascolex, Pericheeta 
and Amyntas , until Michaelsen in 1900 re-introduced the original 
name Pheretima , and included 137 true and 20 doubtful species 
within this genus. Stephenson (1930) includes 293 species and 
emphasises the fact that Pheretima , though one of the youngest, 
is by far the largest genus of the Oligochaeta. 

Although earthworms of this genus have been known for a 
long time, their anatomy has been closely studied only recently. 
Stephenson (1913) described the blood-vessels in connection 
with the alimentary canal; Bahl (1919, 1921, 1922, 1934) in a 
series of papers described the nephridial and vascular systems, 
the development of nephridia and the habits of life of Eheretima 
posthuma; quite re cently (1945-4 7) he has also worked ouTthe 
physiology of excretion in this earthworm. Cecchini (1916) and 
Herding (1921) studied the vascular system in Pheretima 
heterochaeta ; Kindred (1929) described the lymph glands in 
Pheretima diffringens ; Minoru Oishi (1930) studied the reproductive 
processes and Fumigo Ogawa (1989) the nervous system of 
Pheretima communissima. 

In spite of these considerable advances, our knowledge of the 
morphology, physiology and ecology of Pheretima is less intimate 
than that of Lumbricus which has been studied intensively for a 
long time in Europe and America. There are still considerable 
gaps in our knowledge of the digestive and reproductive processes 
and embryonic development as also of the receptor organs. 
Besides, the physiological working of many of the organ-systems 
of earthworms is still inadequately understood. 


CHAPTER II 


EXTERNAL CHARACTERS 

The earthworm Pheretima posthuma has a long narrow body, 
nearly circular in section throughout its length, the form of the 
body being well adapted to its burrowing habit. A full-grown 
worm is about 150 mm. in length and becomes longer in a state of 
extension; its thickness, which is almost uniform throughout, 
ranges from 3 to 5 mm., the thickest part of the body being always 
a little behind the anterior end. The worm is rich brown in 
colour; the dorsal surface which is, as a rule, darker than the 
ventral, is easily distinguished by the presence of a dark median 
line running throughout the length of the body; the ventral 
surface (fig. 1A) bears the genital openings and papillae in the 
anterior region. The anterior end is pointed, while the posterior 
end is more or less blunt. 

The whole surface of the body is divided by a distinct series 
of circular furrows into a series of ring-like segments or 
metameres, of which there are about 100 to 120 in number. This 
external segmentation of the body corresponds, as we shall see 
later, to an internal segmentation, giving the name Annulata or 
Annelida to the group of worms to which the earthworm belongs. 
In some of the anterior segments, there is a secondary annulation , 
a segment being sub-divided externally into two or three annuli; 
such segments are described as hi-or tri-annulate t the annuli 
being formed by mere superficial grooves which should not be 
confused with real intersegmental furrows. 

At the anterior end lies the mouth which is a crescentic 
opening pushed a little to the ventral side by a small fleshy lobe, 
the prostomium. The prostomium overhangs the mouth dorsally 
and also occupies a small portion of the dorsal surface of the first 
segment (fig. 1 B), Since the first segment surrounds the mouth, 
it is called the huccal segment , the prostomium being considered 
only as a process of the buccal segment and not a segment by 
itself. 

In a mature worm, there is a prominent cylindrical band of 
glandular tissue known as the clitellum (Lat, clitellee , a pack-saddle) 
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ig. 1— A. Ventral view of an entire earthworm (X cir, 1£). B. Dorsal 
view of the prostomium and the first three segments (X cir. 9). a,, anus; 
cl., clitellum on the 14th. to 16th segments; f.g.a., female generative aperture 
on the 14th segment; g, genital papillae on the 17th and 19th segments; 
wi.g.a., male generative aperture on the 18th segment; pr„ prostomium; s., setae. 
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or cingulum 1 (Lat. cingulum , a belt), at a distance of about 20 mm. 
from the anterior end. The clitellum extends over three segments, 
xiv to xvi, and forms an important landmark on the external 
surface of the worm, so that we can distinguish three distinct 
regions of the body: pre-clitellar , elite Uar and post~clitellar . On 
the ventral surface of the clitellum, just behind its anterior margin, 
there is a median aperture on the fourteenth segment: this is the 
single oviducal or female generative aperture; it lies flush with the 
surface of the clitellum and has a light circular patch around it. 
Behind the clitellum, on the ventral surface of the eighteenth 
segment, there is a pair of apertures, each crescentic in outline: 
these are the spermiducal or male generative apertures . In the 
same line with these male pores, both in front and behind, there 
is a pair of raised circular papillae on each of the seventeenth 
and nineteenth segments: these are the genital or copulatory 
papillae. The spermathecal apertures are four pairs of small 
elliptical openings situated ventro-laterally in the intersegmental 
grooves 5/6, 6/7, 7/8 and 8/9. 

Across the middle line of each segment, we find a ring 2 of 
rod-like chitinoid structures called setae or chaetae: they are so 
conspicuous in mature worms that a beginner often mistakes 
them for boundaries between successive segments. Each seta 
is faint yellow in colour and is shaped like an elongated S ((); 
it has a pointed distal end, a more or less blunt proximal 
end, and a slight swelling called the nodulus situated about 
the middle of its length. It is about 0.26 mm. in length and 
0.024 mm. in thickness (260ft X24jt), i.e., more than ten times 
as long as thick; about one-third of it projects beyond the body- 
wall, the remaining part being embedded in the setal sac 
(fig. 4). The setae are locomotor in function, enabling the worm 
to secure a hold on the walls of its burrow or on the ground. 
The first and the last segments do not bear any setae nor are setae 
present on the clitellum in mature individuals, although three 
rings of setae are clearly visible on the clitellum in a young 
worm. 

1 The term cingulum suggested by Rosa is more appropriate than u clitellum " 
as applied to Pheretima , since the former expresses its girdle-like character. The 
latter term is applicable to the structure in Lumbricus where it is saddle-shaped 
and does not extend completely around the body, The term clitellum being in 
common use is retained here as a matter of convenience. 

2 Owing to the presence of this continuous ring of setae, this earthworm 
was for some time named Perichaeta (Gr. peri , around; chaite , hair). 
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The number of setae in different segments varies considerably; in a 
specimen measuring 150 mm. in length the number was 81 on the second, 
117 on the sixth, and 90 on the twentieth segment. The ventral setae in the 
genital segments (xvii, xviii and xix) are slightly longer (0.30 mm.) than the 
setae in other parts of the body (0,26 mm.). 

Two kinds of arrangement of setae are met with amongst earthworms, the 
jysiurnbricine or octochaetine (found typically in Lumbricus and Eutyphoeus ) and the 
perichaetine (found typically in Megascolex and Pkeretimci). In the lumbricine 
arrangement (fig. 2 A) the setae occur in two pairs on each side, i.e ., there are 
eight setae in each segment, while in the perichaetine arrangement (fig. 2B) the 
setae are num erous and ar e disposed in t he form of a ring around each segment. 
As shown in fig. 2 eachsetTTTa^^ and fixed position and is denoted by 

a special letter. For taxonomic purposes, the relative extents of the intervals 
between neighbouring setae are recorded and are expressed in the form of ratios 
as given below: 

1. ab=i aa = ^ bc=cd; dd = J circumference. Lumbricine. 

2 . aa=3ab, zz=3yz, Perichsetine. 




Fig. 2. — Arrangements of setae (diagrammatic). A. Lumbricine. 

B. Perichaetine. 

Situated along the mid-dorsal line in the intersegmental 
grooves are a series of minute openings, the dorsal pores , which 
lead directly into the body-cavity: the first dorsal pore lies in 
the furrow between segments xii and xiii and there is a pore in 
each of the succeeding intersegmental furrows of the worm, 
except the last. The last segment bears the anus which is a 
vertical slit-like opening with lateral tumid lips. 

The openings of the integumentary nephridia [nephridiopores') 
are very minute apertures on the body-wall behind the first 
six segments: they are scattered irregularly all over the surface 
of the body; they are difficult to see in a whole worm but can 
be made out in thin sections. 


CHAPTER III 
THE BODY- WALL 

The body-wall consists of the cuticle, the epidermis, the 
two muscular layers and the parietal layer of coelomic epithelium. 

The cuticle is a thin non-cellular membrane which uniformly 
covers the entire body of the worm and can be easily removed 
for examination in preserved specimens. In sections it is seen to 
consist of two transparent layers separated by a thin deeply 
staining intervening layer (fig. 3). The iridescent hues displayed 
by the worm are produced by the fine striations of its cuticle. 
Beneath the cuticle lies the epidermis consisting of four 1 kinds of 
cells: (1) the large glandular cells of two kinds called the mucus 
cells and albumen cells: the mucus cells are more or less ovoid 
in shape, rounded distally but narrow proximally; the distal part 
is distended with mucus while the proximal or basal part 
contains the protoplasm with its nucleus; these cells are very 
numerous and are easily distinguished from the albumen cells 
which are columnar in shape and are few and far between; the 
secretory granules in an albumen cell are uniformly distributed 
and the nucleus lies at the basal end; (2) the supporting cells which 
are tall and narrow with an oval nucleus lying about the middle 
of each cell; these cells are more numerous than the gland cells 
and lie in between them; (3) the small basal cells lying in between 
the basal ends of the glandular and supporting cells are either 
rounded or conical in shape, each with a distinct rounded nucleus; 
(4) the receptor cells lying generally in groups; they are described 
and figured in chapter X. 

The muscles of the body-wall are arranged in two layers: 
an outer circular and an inner longitudinal, the longitudinal 
layer being generally more than twice as thick as the circular 
layer (fig. 4). 

The circular layer of mushles forms a thin continuous sheet, while the 
muscles of the longitudinal layer run in long parallel bundles (fig. 9). Each bundle 
is discrete and is separated from its neighbours by thin connective tissue septa. 
In the regions of the setal rings, the setal sacs penetrate the whole thickness of 
the body-wall and completely divide the bundles of longitudinal muscles from 
one another, so that these bundles appear in sections as rectangular or triangular 
blocks alternating with the setal sacs (fig, 4). 

1 These four kinds of epidermal cells can be easily demonstrated in sections 
stained with iron haeraatoxylin and mucihaematin, , 
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Each seta is secreted by and is imbedded in a setal sac or follicle (fig. 4) 
which is formed as an invagination of the epidermis and presents three 
Regions':"'- the;'- base.* '''.'the body and the neck. Two sets of muscles, the 
protractors and the retractors are inserted on the base of each setal sac; 
the prortactors radiate outward to join the circular muscle fibres, while the 
retractors run inward and join a circular muscle-strand which forms a ring 
lying immediately beneath the parietal layer of ccelomic epithelium, parallel to 
the ring af setae. The contraction of this circular muscle-strand would lead 
to a simultaneous retraction of all the setae in one segment and it is likely that 
the protrusion of all the setae of a segment is also simultaneous. Beddard (1912) 
states that the circular ring of setae would seem to be a character specially suited 
to an underground life, where there is an equal pressure all round the body and 
where progression would seem, therefore, to be best attained by a continual 
leverage around the circular body. 
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Fig. 3 — The cuticle and the epidermis in a longitudinal section. 
alb . c,, albumen cell; b. c., basal cell; cu , cuticle; m.c., mucous cell; a, opening 
of the mucous cell; 5.c., supporting cells. (X cir. 760). 

. 1; ' : ■' V ; 

Mention may be made of a long narrow strip of muscle applied to the 
inner surface of the skin in the mid-dorsal line (fig. 12). It is distinct from the 
longitudinal muscle-coat of the body-wall and is interrupted at the dorsal pores. 
The dark mid-dorsal line visible externally on the skin is due to the presence of 
this long strip and not to the dorsal vessel, as is shown by the fact that the dark 
line persists even when the skin is removed away from the dorsal vessel, while the 
line disappears as soon as this strip of muscle is detached from the body-wall. 

Forming the innermost layer of the body-wall lies a thin 
membrane consisting of a single layer of flat cells, recognizable 
only by their nuclei: this is the parietal layer of the coelomic 
epithelium (fig. 4). 

The integument of the earthworm forms a wrapper for the 
enclosed internal parts, and also protects the worm against 


foreign bodies by constantly secreting mucus which keeps the 
surface of the skin slimy and clean and does not allow any foreign 
organisms to settle on it; the mucus may also act as a cement 
for plastering the walls of the burrrow. Further, the integument 
forms the respiratory organ of the worm (Chapter VI) as also its 
receptor organ (Chapter X). 

Gray and Lissmann (1938) have studied the locomotion of 
earthworms by means of cinematographic records (fig. 5), and have 
found that forward progression begins by the contraction of the 
circular muscles of the anterior segments, leading to an elongation 
and thinning of the anterior region, the wave of contraction 



Fig. 4— A transverse section of the body-wall passing through a setal ring 
(semi-diagrammatic), cir. m., layer of circular muscle fibres; c.m., $tr*> strand 
of circular muscle fibres; cm., cuticle; epi., epidermis; f. 6., body of the setal 
sac; f.n., neck of the setal sac; f.r., base of the setal sac;n., nodulus of the 
seta; p.l., parietal layer of coelomic epithelium; pr, m , protractor muscle; 
r.m., retractor muscle; seta. (X cir. 84). 

passing backward over the body of the worm. When this wave 
has passed over the anterior half of the body and has extended it 
forward, the circular muscles at the extreme anterior end of the 
body relax, and a contraction of the longitudinal muscles sets in, 
leading to a shortening and thickening of the anterior region. 
This wave of longitudinal contraction now passes backward over 
the anterior half of the body, and is replaced in turn by a second 
wave of circular contraction which, like the first, starts from the 
anterior end of the animal. So long as its longitudinal muscles 
are contracted to their maximal extent, a segment remains at rest 
relative to the ground and is attached to it by the protrusion of 
the posteriorly directed setae. When the relaxation of the 
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longitudinal muscles and the simultaneous contraction of the 
circular muscles set in, the segment begins to move forward over 
the ground with increasing velocity until its longitudinal relaxation 
and circular contraction are complete. Next, while its longitudinal 
muscles are undergoing contraction and circular muscles are 
relaxing, the forward progression of the segment over the ground 
decreases until the segment comes to rest again in a state of 
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Fig. 5 — Diagram (prepared troma cinematograph record) showing mode of 
progression of an earthworm. Regions of the body showing longitudinal 
contraction are drawn twice as wide as those undergoing circular contraction 
and are also marked by larger dots. As long as a segment is longitudinally 
contracted it remains at rest relative to the ground; it moves forward during all 
other phases of the cycle. The track of individual points on the worm’s body 
and their movements relative to each other are shown by the lines running 
obliquely forward from left to right to the diagram. (By kind permission of 
Professor J. Gray ) 

maximum longitudinal contraction. Both circular and longitudinal 
muscles, therefore, contribute to the forward progression of an 
earthworm over the ground. 

Each segment, therefore, moves forward over the ground by a 
series of steps, each f 2-3 cm. in length. During steady progression 
the frequency of locomotory waves passing over the body is of 
the order of 7-10 per minute, and a worm moves at an average 
velocity of about 24 cm. per minute. 


CHAPTER IV 
THE COELOM 

A mid-dorsal incision of the body-wall reveals a large space 
between' the alimentary canal and the body-wall; this space is 
called the coelom or body-cavity and is filled with a milky fluid 1 
called the coelomic fluid . The coelom is not a continuous cavity 
like that of the frog, but is divided into compartments by 
transverse partitions or septa stretching across the coelom from 
the alimentary canal to the body-wall along the line of their 
mtersegmenfcal furrows. 

The disposition and structure of the coelomic septa present 
interesting features. The first septum lies between segments 
iv and v, the coelom of the first four segments being undivided or 
continuous, with only a number of muscular strands passing from 
the buccal chamber and pharynx to the body-wall The first 
septum is thin and membranous, but the next five septa i.e. septa 
5/6,6/7,7/8,819, and 10/11, are thick and muscular, the septum 
9/10 being absent. The lines of attachment of these six anterior 
septa on the alimentary canal lie considerably behind their fines 
of attachment on the body-wall, so that these septa are not 
transverse but oblique in disposition, and form six cones, one 
within the other, with their apices directed backwards (fig, 6). 
Behind the first eleven segments, however, there is a regular 
series of thin membranous septa separating successive “’coelomic 
compartments from one another right up to the posterior end of 
the body. The septa 11/12, 12/13 and 13/14 are complete and 
unperforated like the first six; but the next septum, Le. septum 
14/15, is typical of all the septa that follow, being characterized by 
;he fact that it is riddled with minute apertures over the greater 
part of its area (fig. 7). as 68 apertures have been 

:ounted on the left half of septLurUg/J.6. Each aperture is oval 
?r circular in outline and is surrounded by a thick sphincter 
nade up of unstriped muscle-fibres; the apertures measure 
to 1.6 mm. in diameter, while the thickness of the sphincter 

1 When a live worm is dropped into spirits, it gives out large quantities of 
lilky coelomic fluid, which may be squirted out to a distance of several inches 
trough the dorsal pores. 
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Fig 6— A dissection of the anterior region of the body. bl. gL, blood-glands; 
c,g., cerebral ganglia, cl, cliteilum; c.s., cone-shaped septa; d.v., dorsal vessel; 
giz.y gizzard; ht heart; i, intestine; i c., intestinal caeca; ly. gL, lymph 
glands; m M mouth; m. sir., muscular strand; p. d., prostatic duct; p/i., pharynx; 
p. gL prostate gland; s. v seminal vesicle; si. v , supra-oesophageal vessel; 
sp., spermatheca. (X cir. 3) 



varies from 6fi to 29p,. The apertuu-s are found m all degrees 
of closure, so that the sphincters contract and relax to restrict or 
allow the flow of coelomic fluid from one coelomic compartment 
to the other. These sphinctered apertures are peculiar to the 
septa of Pheretima (Bah!, 1919) and have not so far been 
observed on the septa of any other earthworm. It has been 
suggested that the earthworm, by closing the sphinctered 
apertures and thereby restricting the coelomic fluid to particular 
segments, is able to make these segments turgid and stiff, and 
that this turgidity helps it in securing a firm leverage of its setae 
on the ground and thus aids it in locomotion, 


Fig. 7 —Portion of an intersegments! septum showing sphinctered apertures, 
m. f., muscle-fibres; $. a., sphinctered apertures. (X cir. 120) 

The coelomic fluid consists of a colourless plasma in which 
float large numbers of nucleated corpuscles giving the fluid a milk- 
white appearance. Three kinds of corpuscles (fig, 8) can be 
distinguished, of which the largest and most numerous ,a re the 
saucer -shaped granulocytes which presen t a deep concavity £>n one 
side and several membranous folds on the convex siy^ce; they 
are so called because their cytoplasm is full of gran||fs which 
during life are in a state of violent agitation resemblii|| Brownian 
movements. The second type of corpuscles, the leuQpcytes , are 



flat circular cells with a hyaline cytoplasm and characteristic 
irregular markings on their surface. They are smaller in size 
than the granulocytes and form only about ten percent of the 
coelomic corpuscles. The third kind are the amoebocytes which 
are almost as numerous as the granulocytes but are smaller 
than the leucocytes and take up a deep yellow stain in iodine 
solution; they are characterized by having a large number of 
petaloid pseudopodia. Some of the amoebocytes become 
elongated to form vase-shaped structures, with the nucleus at 
one end and an expanded fan-like process at the other. Of the 
three kinds, the amoebocytes alone are phagocytic. The 


pig, 8— Corpuscles of the coelomic fluid, c. n, c r , leucocytes; m. c., 
modified amoebocytes; ph. c . , granulocytes; y.c., amoebocytes (X cir. 590). 

respective functions of these three kinds of corpuscles have 
yet to be finally determined. 

Recently Liebmann (1942) has come to the conclusion that there are 
only two kinds of coelomic corpuscles, the eleocytes (granulocytes) and the 
leucocytes , and that the amoebocytes are only modified leucocyte P- He regards 
the granulocytes as nutritive in function and therefore calls them trephocytes . 

The. coelomic fluid is seen to flow backward and forward 
during the movements of a live worm, but there is no regular 
circulation of the fluid through the body. The fluid is slightly 



alkaline in reaction, turning red litmus blue (pH-7,9). The 
worm ejects the fluid through its dorsal pores and thus kills off 
myriads of bacteria of the soil which would otherwise settle 
and grow upon its body. It is possible that some excretory 
substances are also got rid of by the worm in this manner. The . 
fluid also keeps the skin moist and thus facilitates respiratory 
exchange. 

It has recently been found that the coelomic plasma, unlike 
blood, contains no glucose, amino-acids or fats, and it cannot, 
therefore, be the carrier of nutritive substances to the various 
parts of the body, as was once supposed. As it contains 
about 98.9°/ of water, it has been suggested that the coelomic 
fluid in the coelomic cavity is a kind of 'private pond* (watery 
reservoir) of the earthworm which helps to keep the skin moist 
and bathes all the structures so as to forma suitable internal 
environment for the proper functioning of the different organs of - 
the body. It should be remembered that an earthworm, unlike 
higher animals, has two biological fluids, the coelomic fluid and 
blood, both at a higher osmotic pressure than water. 

The coelomic fluid of certain earthworms, e.g. the common 
rain-worm Eutyphoeus , is luminescent. If a very weak solution of 
ammonia is poured into a small beaker containing half a dozen 
specimens of this earthworm in water, the coelomic fluid is 
ejected through the dorsal pores and gives off light bright enough 
to enable the hands of the observer to be distinguished in the 
dark. If undisturbed the glow lasts for sortie time. The 
experiment is very interesting and can be easily tried at night or 
in the dark-room of the laboratory. No species of Pkeretima has y 
so far been recorded as being luminescent. 

Situated on either side of the dorsal vessel and attached to it, from the 
26th. segment backwards, there is a double row of white fluffy bodies called 
the lymph glands (Thapar 1918, Kindred 1929). Each of these glands arises by 
a complex folding of the cephalic face of its septum and consists of a large 
number of close-set lobules containing masses of phagocytes , a few ckloragogen 
cells (yellow ceils) and a few other ceils full of refractive granules, besides a 
few setae and cysts and pseudb-navicellae of Monocystis. Schneider (1899), on 
the basis of his injection experiments, believes the function of these glands to 
be phagocytic; he thinks that phagocytes originate in these glands and also 
return to them from the coelomic cavity. His work needs confirmation. 


CHAPTER V 

THE ALIMENTARY CANAL 

The alimentary canal is a straight tube extending from the 
mouth to the anus. On a dissection of the worm the following 
regions of the digestive canal can be easily distinguished: the 
buccal chamber, the pharynx, the oesophagus, the gizzard, the 
stomach, the intestine and the rectum (figs. 6 and 10). 

The mouth leads into the buccal chamber , which is a short 
tube with slightly folded walls extending up to the middle of the 
third segment. A living worm constantly keeps protruding 
and retracting its buccal chamber to pick up particles of earth. 
The wall of the buccal chamber itself is thin, but is surrounded 
by a mass of muscular strands which fill up the. greater part of 
the coelomic cavity of this region (fig. 6). 

The next region of the digestive canal is the pear-shaped 
pharynx which is marked off from the buccal chamber by a 
transverse groove on the dorsal surface- lodging the supra- 
pharyngeal ganglia. The cavity of the pharynx is broad 
from from side to side but is compressed dorso-ventrally on 
account of the presence of the lobulated and richly vascular 
dorsal pharyngeal mass or bulb , which depresses the roof 
so as to bring it near the floor, thereby flattening the 
cavity within. The lateral walls are pushed inwards to form 
a narrow horizontal shelf on each side (fig. 9); these two 
lateral shelves meet anteriorly near the floor and posteriorly 
near the roof of the pharynx to form altogether an obliquely 
elliptical structure. In transverse sections, therefore, the pharynx 
shows two large inpushings of its lateral walls along the greater 
part of its length, but at its two ends, the pharyngeal cavity is 
seen to be completely divided by the shelf into a dorsal '‘salivary” 
chamber and a ventral “conducting 5 ’ chamber (fig. 27). 

The pharyngeal bulb is made up of three portions : (1) ciliated pharyngeal 
epithelium, (2) a thick mass of musculo-vascular tissue, and (3) aggregates of 
pharyngeal gland cells. The gland cells are large in size but vary in shape; 
their function is to produce mucus and a proteolytic enzyme, so that the 
bulb is a true salivary gland (Keilin, 1920). The saliva is conducted into the 
lumen of the pharynx by means of salivary channels which traverse the 
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musculo-vascular tissue and on reaching the pharyngeal epithelium, divide 
into a great many fine ductules which penetrate the epithelial cells and 
terminate in discharge-pockets near their free surface. The saliva accumulates 
in these pockets and is thence discharged into the dorsal or salivary chamber 
of the pharynx. 

Behind the fourth segment the pharynx is followed by the 
oesophagus which extends up to the eighth segment. The 
oesophagus is a short narrow tube slightly bent on itself in its 
anterior part; in the eighth segment the oesophagus is modified 



Fig, 9 — A transverse section of an earthworm through the pharyngeal 


region (semi-diagrammatic), c, m„ layer of circular muscles; d, c„ dorsal or 
“salivary” chamber; d, v dorsal vessel; ep.. epidermis; Z, m„ layer of longitudinal 
muscles; m. s„ a muscle-strand; m, v. t musculo-vascular tissue; ph. ep pharyn- 
geal epithelium with discharge-pocketsfpA. g. c.< aggregates of pharyngeal gland 
cells; ph. s the right pharyngeal shelf; v. c., ventral or “conducting” chamber; 
v. n. c,, ventral nerve-cord; v. v„ ventral vessel. (X cir. 24). 

to form a very prominent oval structure, the gizzard (figs. 10 
and 11), which is a hard muscular organ with . a thick wall of 
circular muscle-fibres and an internal lining of columnar 
epithelium covered with an internal cuticle (fig. 11). With the 
contraction of the muscles of the gizzard, the food-material is 



and posterior ends; pr*, prostomium ; $< 5/6, s. 6/7, etc., intersegmental septa separating the 5th and 6th., 6th and 7th* segments, etc; 
aryngeal ganglion; s » spermiducal funnel, $* v., seminal vesicle; t testis; v , n. c., ventral nerve-cord* (X cir. 8). 



ground up against the internal cuticle and is reduced to a fine 
state of division. 

Behind the gizzard, in segments ix to xiv, the gut is highly 
vascular and glandular, and its columnar and non-ciliated 
internal epithelium is thrown into prominent folds (fig 10). 
This region of the alimentary canal has a sphincter at each end 



’ < nph. 
n. c. 


Fig. 11— A transverse section of an earthworm through the gizzard. 
b. cap blood-capillaries of the gizzard; b. w., body-wall; c. c., coelomic cavity; 
d. v., dorsal -vessel; ep. tin., internal epithelial lining of the gizzard; gizz. w. t 
muscular wall of the gizzard; u c., internal cuticle; lat. cesoph.. lateral-oesophageal 
vessel; m. sir,, a muscular strand; n. c„ ventral nerve-cord; n,. a nerve; 
nph., integumentary nephridium'; sept., septum 8/9 cut through; v. v., ventral 
vessel, slightly displaced, (X cir. 20). ' 

and has recently been termed the stomach (Kirtisin ghe, 1939; 
Chen and Puh, 1941). The masses of glandular cells between 
the outer peritoneum and the circular muscle layer are 
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similar to the pharyngeal gland cells and secrete a proteolytic 
enzyme. 

The foldings of the “stomach” epithelium attain a considerable degree 
of complexity in some earthworms, e t g„ Octochaetoides , Eutyphoeus and Lumbricus , 
in which they form distinct glandular structures causing external swellings on the 
stomach; these are called calciferous glands (Stephenson and Prashad, 1919) and 
secrete a calcareous fluid. In Pheretima there are no calciferous glands but the 



Fig. 12— A transverse section of an earthworm through the typhlosolar 
region of the intestine, c., cuticle; c.m.f layer of circular muscles; d.b.v 
dorsal blood-vessel with a portion of a valve on the right side; ep. t epidermis; 
ex.p,* capillaries of the external blood plexus; f., funnel of a septal nephridium; 
in.p.y capillaries of the internal blood-plexus; l.m.f., layer of longitudinal muscles; 
nph a septal nephridium; si.e.d„ supra-intestinal excretory duct; sn.v,, 
subneural vessel; v.n.c ventral nerve-cord, * typhlosole; ventral vessel. 
(X cir. 28). 

transverse folds of the internal epithelium of the stomach may be regarded as 
• ttye simplest condition of calciferous glands in this earthworm. Dar^iq 


believed that the calcareous fluid is digestive in function in that it neutralizes 
the humus acids of decomposing leaves eaten by the earthworm. Robertson 
(1936) found that the neutralization hypothesis could not be substantiated; he 
came to the conclusion that the true function of the glands is the excretion of 
excess of calcium salts in the form of calcite crystals which are relatively 
chemically inactive in the acidities encountered in the gut of earthworms. 

Behind the fourteenth segment the gut widens and continues 
as the thin-walled intestine right up to the anus. In the intestine 
three regions can be distinguished: the first, the pre-typhlosolar 
region , lies between segments xv and xxvi; it has extremely 
vascular internal folds, and in the twenty-sixth segment, gives off 
two short conical outgrowths, one on either side, called the 
intestinal caeca (fig. 6), which extend forward over three or four 
segments and have a special blood-supply; internally the caeca 
have many longitudinal folds which appear as villi in transverse 
sections, their epithelial cells being highly glandular and filled 
with secretory granules, Chen and Puh (1941) believe that these 
caeca are digestive glands and secrete an amylatic ferment. The 
second, the typhlosolar region, is the longest part of the intestine 
extending from the twen ty-sixth segment backward, but stopping 
short of the last twenty-three to twenty-six segments; it is 
distinguished by the presence of an internal median fold of the 
dorsal wall, the typhlosole (fig. 12). In Pheretima the typhlosole 
is poorly developed and is represented only by a slight fold of 
the internal epithelial lining, which projects into the lumen of the 
gut and encloses a capillary blood-vessel, the typhlosolar vessel , 
imbedded in a matrix of connective tissue. 

In the last twenty-three to twenty-six segments, the 
typhlosole is absent; this third or post-typhlosolar region of the 
intestine is called the rectum and contains small rounded pellets 
which are discharged to the exterior through the anus and form 
the characteristic castings of Pheretima (Chapter XIII). 

In Lumbiicus the typhlosole is extremely well-developed and occupies a 
large part of the lumen of the intestine; it is richly supplied with blood and 
encloses within its folds large masses of chloragogen cells . The function of the 
typhlosole is apparently to increase the absorptive surface of the intestine. 

HISTOLOGY OF THE GUT ,;v 

The wall of the alimentary canal is made up of four layers : 
(1) the outer layer of peritoneal epithelium, (2) the layer of 



longitudinal muscles, (3) the layer of circular muscles, and (4) 
the internal epithelial lining of the gut. 

Cells of the peritoneal layer forming the outermost covering 
of the gut are generally tall and narrow with distinct nuclei. On 
the intestine and sometimes even on the stomach, these cells 
are full of yellow refractive granules, the chloragosomes, and 
are therefore called yellow " or “ chloragogen ” cells. Some obser- 
vers believe that these cells take up excretory substances from 
the blood-capillaries of the gut and store them as yellow 
granules; when the cells become filled with these excretory 
granules, they drop off into the coelom, whence the excretions are 
got rid of through the nephridia or dorsal pores. A recent 
view of the function of chloragogen cells is that they act as a 
storehouse for reserves of nutriment; in the absence of a liver 
the chloragogen cells are believed to have a hepato-pancreatic 
function. 

The two muscular layers differ in development in the 
various regions of the gut: in the intestine both layers are feebly 
developed; in the region of the oesophagus, they are both well- 
developed; in front of and behind the gizzard, the longitudinal 
layer is thicker than the circular; but in the gizzard itself, the 
entire thickness of the wall (fig. 11) is made up of circular muscle- 
fibres only. The muscles of the gizzard assist in the trituration 
of the food, while the muscles of the oesophagus and stomach 
produce peristaltic movements easily observed on dissecting a 
freshly narcotised worm* In the buccal chamber as well as in the 
pharynx the muscular layers are well developed, and in the latter 
form the greater part of the pharyngeal bulb. All the muscles are 
non-striated. 

The inner epithelial lining of the gut presents special 
features in different regions. The buccal epithelium consists of 
tall cylindrical cells covered with a thin internal cuticle, there' 
being no cilia on these cells. The pharyngeal epithelium consists 
of columnar cells which are ciliated on the roof of the pharynx 
but not on the floor. The transversely folded epithelium of the 
oesophagus consists of tall columnar cells, while that of the gizzard 
consists of shorter cells lined with a thick internal cuticle* The 
intestinal epithelium consists of ciliated and glandular tells: 
the ciliated cells are elongated and narrow and show charac- 


teristic infcra-cellular fibrils, four or five of the ciliated cells sur- 
rounding a glandular cell; the glandular cells can be easily made 
out by their vacuolated appearance and by the presence in them 
of granules of an albuminous nature which secrete and discharge 
a proteolytic ferment (Millott, 1948). 

PHYSIOLOGY OF DIGESTION 

Earthworms obtain their nourishment from organic material 
present in the soil, but as the proportion of organic matter in 
ordinary soil is very small, earthworms ingest large quantities of 
earthy matter and that is why their gut is always full of earth. 
The, swallowed earth passes through the buccal chamber into 
the pharynx where it receives the salivary secretion poured into 
the pharyngeal cavity by the gland-cells of the pharyngeal bulb. 
The “saliva” of the earthworm contains mucin and a proteolytic 
ferment; the mucus lubricates the food and helps in the 
formation of the food-bolus, while the proteolytic ferment 
starts the digestion of proteins* When the food reaches the 
gizzard, its strong muscles contract and with the help of the 
thick internal cuticle, grind up the food and reduce it to aiine 
state of division, so that it is easily acted upon by the digestive 
ferments secreted by the stomach, the intestinal caeca and the 
intestine. 

Several kinds of ferments have been found in the intestine 
of the earthworm: a proteolytic ferment converting proteins into 
peptones, a diastase converting starch into sugar, a glycogen- 
hydrolysing ferment, a lipase splitting fats, invertine acting on 
cane-sugar and an oxidising ferment catalase (Winterstein, 1911). 
It will thus be seen that the intestinal digestive fluid corresponds 
in its essential features to the pancreatic juice of higher 
animals. All these ferments act upon the finely ground earthy 
food and help in the digestion of organic matter therein. The 
digested food is absorbed by the intestinal epithelium and passes 
into the blood-stream through the extensive capillary network 
of the intestine. Both digestion and absorption, therefore, take 
place in the intestine, 


CHAPTER VI 

THE RESPIRATORY SYSTEM 


Exchange of gases takes place through the body-wall which 
is thin and almost transparent and has a copious blood-supply. 
There is an extensive system of capillaries and capillary-loops 
(fig. 16 and 17) which penetrate the thickness of the body-wall and 
may even extend in between the cells of the epidermal layer. 
The respiratory pigment, haemoglobin, is dissolved in the blood- 
plasma, and can transport oxygen not only at low oxygen 
pressures but also in the air (Johnson, 1942), The epidermis acts 
as a permeable membrane through which carbon dioxide of the 
blood in the capillary-loops is exchanged for the oxygen of the 
atmosphere. But effective exchange of gases can take place^N 
only when the skin is moist, so that a worm dies of asphyxia 7 
if its skin dries up. In the natural condition the skin is kept moist r 
partly by the damp earth and partly by the coelomic fluid which 
oozes out of the body through the dorsal pores, as also by the 
secretion of the mucous glands of the epidermis. 

“Earthworms can live for six to thirty hours without oxygen, while 
excreting carbon dioxide in almost the same quantity as under normal 
conditions. We must therefore assume that intra-molecular (anaerobic) 
respiration is taking place during this time, and the same process may perhaps 
go on ordinarily along with respiration of oxygen by the body surface.” 
(Stephenson, ^1930) . 


CHAPTER VII 

THE BLOOD-VASCULAR SYSTEM 

The blood-vessels form an elaborate closed system of tubes 
in which the flow of blood is continuous. The plasma of the 
blood is coloured red with dissolved haemoglobin, while the 
corpuscles suspended in it are colourless and nucleated. 

It will be convenient to describe the blood- system (Bahl, 
1921) in the following order: (1) the arrangement of blood- 
vessels behind the thirteenth segment, i.e. in the region of the 
intestine, (2) the arrangement of blood-vessels in the first 
thirteen segments, and (3) the course of circulation of the 
blood. 

(2) THE ARRANGEMENT OF BLOOD-VESSELS IN THE REGION 
OF THE INTESTINE. 

The blood-system in the region of the intestine consists of: 
(a) three longitudinal trunks running parallel to one another, 
i. e. the dorsal, ventral and subnueral vessels, (fe)the intestinal blood- 
plexus in the wall of the gut, and (c) the commissural, integu- 
mentary and nephridial vessels. 

(a) The Longitudinal Trunks. 

The disposition of the three main longitudinal trunks and 
their relations to the rest of the blood -system are shown in fig. 13. 
The dorsal vessel is the largest blood-vessel in the body running 
along the mid-dorsal line immediately above the gut; it has thick 
muscular walls which contract rhythmically, driving the blood 
from behind forward. Immediately in front of each septum, 
the vessel has a pair of valves in its lumen, directed forward and 
inward (fig, 21 A), which prevent the flow of blood backward 
when the vessel contracts. In each segment it receives on each 
side a pair of dorso-intestinal vessels from the intestine and a 
commissural vessel which runs along the posterior face of each 
septum and is connected ventrally with the subneural vessel 
(figs. 13 and 14) . Each commissural vessel receives capillaries 
from the nephridia and the body-wall, while thei dorso- 
intestinals' collect blood from the intestine. Both dorso- 
intestinals and commissurals carry blood into the dorsal vessel 
which is exclusively a blood-collecting channel in this region. 
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The ventral vessel, like the dorsal, extends from the anterior 
to the posterior end of the body. It lies beneath the intestine, 
between it and the nerve-cord, and gives off a pair of ventro- 
tegumentary vessels, one on each side, immediately in front of 
each septum. Each ventro-tegumentary runs for a very short 
distance along the anterior face of the septum behind it. and then 
pierces the septum to enter the succeeding segment; there it 
travels upward along the inner surface of the body-wall, right up 
to the mid-dorsal line supplying blood to the body-wall and the 
integumentary nephridia all along its course. A septo-nephridial 
branch supplying blood to the septal nephridia is given off 


d. v. 



Fig. 14— A diagrammatic transverse section showing the disposition of 
blood-vessels in the region of the intestine, the right half representing a 
section through the intersegmental septum and the left through one of the 
dorso-intestinals. com. v , commissural vessel; d. u,, dorsal vessel; di, v., dorso- 
intestinal. vessel; e . c. capillaries of the external plexus; i.c , capillaries of the 
internal plexus; int., intestine; $i e. d M supra-intestinal excretory duct; si. v., 
septo-intestinal vessel; sn. subneural vessel; tr. v , transverse vessel; t. v., 
typhlosolar vessel; v. v , ventral vessel; vi. v. y ventro- intestinal vessel; vt 
ventro-tegumentary vessel. 

from each ventro-tegumentary just before it pierces the septum 
and runs along its anterior face (fig. 13). Besides the ventro- 
tegumentaries, the ventral vessel gives off in each segment a 
median ventro-intestinal vessel from its dorsal surface, which 
supplies blood to the floor of the intestine. There are no valves 
anywhere along the course of the ventral vessel, the flow of 
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blood being from in front backward in this region. The ventral 
vessel is the main distributing channel, supplying blood to all the 
organs of the body in the intestinal region. 

The subneural vessel runs along the inner surface of the 
body-wall in the mid-ventral line, immediately beneath the 
ventral nerve-cord. It is a slender vessel extending from the 
posterior end of the worm up to the fourteenth segment in front. 
It receives a pair of small branches in each segment from the body- 
wall and communicates with the dorsal vessel through the pair of 
commissurals on each septum. The subneural collects blood 
from the ventral region of the body-wall and the ventral nerve- 
cord, the flow of blood in the vessel 
backward. 


1st region 


2nd region 


3rd region 


Fig. 15— A semi-diagrammatic representation of the intestinal blood- 
plexus in the three regions of the intestine. The 1st. region extends from the 
fourteenth to the twenty-sixth segment and consists of a dose network of 
transverse capillaries ; the 2nd . region from the twenty-sixth segment to about 
twenty-six segments in front of the anus is formed by longitudinal and oblique 
capillaries; while the 3rd. region includes the last twenty-six segments, where 
the capillaries form an arborescent blood-plexus, d . v., dorsal vessel; x.> junc- 
tion of the arborescent plexus of the posterior (third) region and the 
plexus of the second region. 

(b) The Intestinal Blood-PlexuA 

The intestinal blood-plexus consists of a close network of 
capillaries in the wall of the intestine. There are two 
capillary networks, an internal and an external. Capillaries of 
the internal network are situated between the circular muscle 
layer of the intestine and its internal epithelial lining, while 
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capillaries belonging to the external network lie on the 
surface of the gut, amongst or even outside the chloragogen cells 
(figs. 14 and 15). 


connected witli tne dorsal vessel tnrougn me aorso-mcesunais* wnue me 
external plexus receives blood from the ventro- and septo-intestinals 
and empties its contents into the internal plexus. 

(c) The Commissural Integumentary and Nephridial 
Vessels . 

Each commissural vessel gives off in its ventro-lateral region 
a septo-intestinal branch to the intestinal plexus, while all along 
the rest of its course it receives branches from the septal 
nephridia and the body-wall (figs, 13 and 14); in segments xvi to 
xxi, it also receives efferent capillaries from.the^prostatelglands. 


Fig. 16 “A diagrammatic representation of close parallelism between 
the “arterial” and “venous” capillaries in the body* wall, ep, t epidermis; cir. m., 
layer of circular muscle-fibres; long. m, t layer of longitudinal muscle-fibres ; 
v. U b a branch of the ventro-tegumentary vessel; comm.v, b. % a branchjof the 
commissural vessel. 

The blood from ventro-tegumentaries is distributed to the 
body-wall where it is aerated ; the aerated blood from thebody- 

* wall is collected by the paired branches of the subneural and by 
the numerous capillaries of the commissurals in each segment. 
The afferent and efferent capillaries run side by side in the 
thickness of the body-wall and can be followed as such from the 
coelomic epithelium to the epidermis through the two muscular 
layers, there being a close parallelism between “venous” and 
“arterial” capillaries-. Fig. 16 shows this parallelism in sections, 
while fig. 17 shows parallel capillaries and capillary-loops as seen 
n a whole mount of the body-wall. 
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(2) THE BLOOD-SYSTEM IN THE FIRST THIRTEEN SEGMENTS . 

-The blood-system in the first thirteen segments differs 
considerably from that of the intestinal region; it consists of: (a) 
the longitudinal trunks, (b) the “hearts’' and the “anterior loops”, 
and (c) the blood-vessels of the gut. The function of collecting 
blood from the gut in this region is taken over by a new vessel, 
the supra-oesophageal, while the blood from the peripheral 
structures is collected by the right and Jleft lateral oesophageals 
(fig. 18). 



Fig. 17— Disposition of blood-capillaries in the body-wall, showing 
afferent and efferent capillaries and capillary- loops, c. aff. v„ capillary of the 
afferent vessel; c.eff. v., capillary of the efferent vessel; c. capillary-loops 
connecting the afferent and efferent capillaries. 

(a) The Longitudinal Trunks. 

The dorsal vessel , instead of being a collecting vessel, 
becomes a distributing channel in this region, there being no 
dorso-intestinals or commissurals to bring blood into it. It sends 
out all the blood collected behind into the so-called “ hearts ” 
and to the anterior region of the gut. The disposition of the 
intersegmental valves within the dorsal vessel remains the same as 
that in the posterior region, but the valves at the junction of the 
dorsal vessel with the “hearts” are disposed in such a manner as 
to permit the flow of blood outward into the “hearts” (fig. 20) 
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but not vice versa* The dorsal vessel extends forward to the 
region of the cerebral ganglia where it divides into three branches 
distributed over the pharyngeal bulb and the roof of the buccal 
chamber* 

The supra-oesophageal vessel is confined to segments ix to 
xiii, and occupies the same relative position with regard to the 
gizzard and stomach, as the dorsal vessel does in the region 
of the intestine. In the tenth and eleventh segments the 
supra-oesophageal receives blood from the lateral oesophageals 
through large commissural ‘‘anterior loops” that surround the 
oesophagus, while in the twelfth and thirteenth segments, both 
the supra-oesophageal and the dorsal together send blood into 
the ventral vessel through the “hearts”. The supra-oesophageal 
is, in fact, the collecting vessel for the gizzard and stomach, 
and all the blood coming into it is pumped into the “hearts” of 
the twelfth and thirteenth segments. 

The supra-oesophageal is not single throughout its length, but at places 
divides into two separate vessels (fig. 19), which, however, unite again to form 
a single vessel. 

The ventral vessel (fig. 18) extends anteriorly up to the 
second segment and gives off, in each segment, a pair of ventro ~ 
tegumentary vessels which distribute blood to the body-wall, septa 
and nephridia of their own segments and not to those of the 
succeeding ones, as they do in the intestinal region. The 
peripheral organs in this part of the body, e. g. the spermafchecse, 
testis-sacs, seminal vesicles, ovaries and oviducts, are also 
supplied with blood from the ventro-tegumentaries. The 
ventro-intestinals are absent in this region. 

The lateral oesophageals are a pair of fairly large vessels, 
situated on the ventro-Iateral aspects of the gut in this region; 
in segments x to "xiii they are closely attached to the wall of the 
stomach and communicate with the ring-vessels (fig. 19), while 
in the region of the gizzard (fig. 11) and further forward, they 
remain free from the wall of the gut, even though they receive 
branches from it in each segment, The lateral oesophageals are 
really anterior continuations of the subneural vessel (fig 18) 
which bifurcates in the fourteenth segment to form the paired 
lateral oesophageals* 

The lateral oesophageals receive a pair of branches in each segment which 
bring blood from the body-wall and the septum behind them; they also collect 
blood from the seminal vesicles, spermathecae and nephridia, thus functioning 
like the subneural and commissurals of the posterior region. 
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(b) The “ Hearts " and the "Anterior Loops". 

Behindlthe thirteenth segment'there is no communication 
between ' the'; dorsal and ventral vessels, but in the first 
thirteen segments' the' dorsal vessel communicates with the 
ventral through a pair of pulsatile “hearts” \ in each of the 
seventh, ninth, twelfth and thirteenth segments (fig. 18). Of 
these four pairs, the'posterior two’pairs'of “hearts” communicate 
dorsally both with the dorsal and supra-oesophageal vessels 
and are called “latero -oesophageal hearts”, while the anterior two 
pairs communicate only with the dorsal vessel and are named 
“ lateral hearts ”• In addition to these four pairs of “hearts”, there 
are two pairs "of L loop-like vessels in the tenth and eleventh 
segments, which connect the supra-oesophageal with the lateral 


Fig. 19— *A diagrammatic transverse section through the"region of the 
“latero-cesophageal” hearts. Xgyfehe right half the intersegmental septum behind 
the “heart” is also shown, d. p„ dorsal vessel; ht ,, latero-cesophageal heart; i. s., 
intersegmental septum; in. v*, integumentary vessels taking blood from the 
integument to the lateral oesophageals and the supra-cesophageals; lat. a?, s v., 
lateral oesophageal vessel; r. v„ ring- vessel in the wall of the stomach; s. oe, v.» 
supra-oesophageal vessel; v . n. ventral nerve-cord; v . v., "ventral vessel. 

oesophageals; these vessels have non-muscular walls and are not 
pulsatile, and are therefore called the “anterior loops ' 1 (fig. 18 ). 

Each “latero-oesophageal heart’; (fig. 19) has a thick muscular wall and 
a spacious cavity. ^The dorsal as well as the supra-oesophageal vessel possesses 
a°pair of valves at^its junction with each heart and a similar pair lies at the 
ventral end of each heart (fig. 20), The dorsal valves of the heart prevent the 


1. The term “hearts” is. applied to all rhythraically contractile vessels 

which are circularly disposed and connect the dorsal with ti c vcntial vessel. 
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backward flow of blood into the dorsal or supra-oesophageal vessel during the 
systole of the “heart”, while the ventral valves prevent the blood from going 
back into the “hearts” from the ventral vessel during diastole. 

The “anterior loops’" are entirely devoid of valves; the 
blood from the lateral oesophageals flows through these “loops” 
into the supra-oesophageal, which in its turn sends all its 
collected blood into the ventral vessel through the “hearts” of 
the twelfth and thirteenth segments. 



Fig. 20— -A diagrammatic representation of the “hearts” of the ninth and 
twelfth segments with their valves, A., a “lateral” heart of the ninth segment. 
B., a “latero-oesophageal” heart of the twelfth segment; d. v. t dorsal vessel; kt., 
heart; si . i>., supra-oesophageal vessel; v., valves. 

Besides giving off blood to the four pairs of hearts, the dorsal 
vessel gives off a pair of stout branches in each of the third, 
fourth, fifth, sixth and eighth segments (fig. 18); these branches 
are remarkable %, that they are thick- walled and pulsatile like the 
“hearts” and that each of them has a pair of valves at its origin. 
They supply blood to the pharyngeal mass, the pharyngeal 
nephridia, the oesophagus and the gizzard. 

(c) The Blood-Vessels of the Gut in the First Thirteen 
Segments . 

In segments x to xiii, the wall of the stomach has a 
series of very definite circularivessels, about twelve per segment, 
meeting the supra-oesophageal above and the lateral-oesophageals 
below. These ring-vessels are very characteristic of the stomach 
behind the gizzard, and are situated within its two muscular coats 
(fig. 19); through these ring-vessels, the blood flows upward 
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from the lateral oesophageals into the supra- oesophageal. In the 
eighth and ninth segments, the gizzard receives its supply of 
blood from the dorsal vessel, the branches of which are distributed 
along the outer wall of the gizzard in longitudinal capillaries. 
A second set of parallel capillaries collect blood from the gizzard 
and take it to the supra-cesophageal vessel. The pharynx and 
the oesophagus receive their supply of blood directly from the 
dorsal vessel, while the blood is collected from them by branches 
of the lateral oesophageals. 

Within the hinder part of the pharyngeal mass in segment iv and behind it 
in segments, v and vi, there are aggregates of spherical follicles (fig, 33), which in 
fresh specimens appear pink in colour owing to their vascular nature, resembling 
bunchesofred grapes when magnified: these are called ■" blood glands M (Stephenson 
1924). Each glandular follicle consists of “a delicate fibrous capsule, ajcup-shaped 
syncytial layer of multi-nucleated protoplasm, a loose mass of calls within the 
cup, and a blood-sinus on the convexity of the cup, between this and the 
capsule.*’ The follicles are intimately connected with the tubules of pharyngeal 
nephridia, and in many cases appear to be directly continuous with the gland- 
cells of the pharyngeal mass, The function of the blood-glands is considered to 
be the manufacture of blood-corpuscles and haemoglobin, but they may have an 
excretory function as well. 

(3) THE COURSE OF CIRCULATION OF BLOOD . 

As a result of the postero-anterior peristalsis of the 
dorsal vessel aided by the disposition of the intersegmental valves 
(fig. 21 A and D), the blood in the dorsal vessel flows forward. 
The entrances of the dorso-intestinals and commissurals into the 
dorsal vessel are guarded by valves projecting into the lumen of the 
dorsal vessel (fig, 21 B and C); the disposition of these valves and 
the direction of blood-flow upward when the dorse- intestinals 
and commissurals are cut show that the blood both from the 
commissurals and dorso-intestinals flows into the dorsal vessel. 
In fact, the dorsal vessel all along, the body of the worm behind 
the first thirteen segments is a channel for collecting and driving 
the blood forward; no blood leaves the dorsal vessel in this region. 
There are, thus, two clearly marked divisions of the dorsal vessel; 
(a) the large posterior division behind the “hearts” which is 
merely a collecting channel, and (b) the short anterior division 
in the first thirteen segments which pumps out and distributes 
all the blood collected behind (fig. 18). 

The ventral vessel is the chief distributing channel 
throughout the body. Behind the “hearts” the blood in this 
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vessel flows backward and is distributed, through the paired 
ventro-tegumentaries, to the body-wall and all the structures 
lying in the body-cavity, e»g. nephridia, nerve-cord and prostates, 
and, through the unpaired ventro-intestinal, to the wall of the gut 
in each segment. In fact, all the structures receive their blood- 
supply from the ventral vessel. 

The blood from the ventral part of the body-wall and the 
nerve-cord is collected by the subneural in which the direction 
of flow is from in front backward, but by far the greater part of 
the blood from the body-wall and the nephridia is collected by 
the commissurals. The blood from the subneural in each segment 
also goes into the commissurals, whence a small amount goes 
to supply the intestine through the septo-intestinals, while the 
greater part flows upward into the dorsal vessel. 


A B D 
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Fig. 21- — A. A portion of the dorsal vessel cut open to show valves in its 
lumen, i. intersegmental septum ; i>., valves at the intersegmental region ; v\ 
valves at the entrance of the dorso-intestinals into the dorsal vessel; valves 
at the entrance of the commissural vessel into the dorsal. B. A section of the 
dorsal vessel showing valves at the entrance of the dorso-intesinals into the 
dorsal, d , v., dorsal vessel; di . v., dorso-intestinal vessel. C. A section of the 
dorsal vessel showing valves at the entrance of the commissural vessel into the 
dorsal, comm, v ., commissural vessel. D. Three sections of the dorsal vessel 
showing intersegmental valves, a. at the place of the origin of the valve; b. t 
slightly forward, and c, still further forward. 

The intestine has a double blood-supply: firstly, it receives 
blood from the ventral vessel through the single ventro-intestinal 
in each segment, and secondly, it receives blood from the 
commissurals through the pair of septo-intestinals on each septum. 
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Both the ventro-intestinals and septo-intestinals carry blood to 
the external intestinal plexus, whence it passes into the internal 
intestinal plexus (fig. 14). From the internal plexus of the 
intestine the blood passes finally into the dorsal vessel through 
the two pairs of dorso-intestinals in each segment. 

In the intestinal region of the worm, therefore, the ventral 
vessel and its branches, i.e the ventro-tegumentaries and the 
ventro-intestinals, are the distributing vessels, while the 
. subneural, the commissurals. the dorso-intestinals and the dorsal 

vessel are the collecting vessels.: 

In the first thirteen segments, on the other hand, the dorsal 
vessel receives no blood at all, but pumps out all the blood it has 

Wond Ct r JT "T? 1 r f egi °‘\ By far the ««ater part of this 
b ood, together with that from the supra-oesophageal, is pumped 

mto the ventral vessel through the “latero-oesophageS" and 
lateral hearts, while the remaining blood in the dorsal vessel 
is distributed to the pharynx, the pharyngeal nephridia, the 
oesophagus and the gizzard through its stout paired branches in 
the third, fourth, fifth, sixth and eighth segments (fig. 18), 

in rh The I 60 " 31 VeSSeI COntinues t0 be distributing channel 
m the anterior region as well, and supplies blood to all the 
structures except the gut, which receives its sunnlv n f W 
directly from the dorsal vessel. The blood in the ven ral vessel 
received through the “hearts” here flows forward and 1 
distributed to all the peripheral structures through the ventro- 
tegumentaries. As the ventre-intestinal vessels ai r absenHn ht 
region, the gut receives no blood from the ventral vessel The 
lateral oesophageals collect blood from the peripheral structures 
and carry it through theanterior loops into the »pra-Lo^ST 

The course of blood in the intestinal region and in * . 
thirteen segments can be represent^ j;,*, g ,, ,n che $ rst 
on the next page; ^grammatically as shown 



Oesophageal 
ring - vessels 
'10th. to 13th 
segments 
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PHYSIOLOGY OF THE VASCULAR SYSTEM . . 

Of the two biological fluids in the body of the earthworm, 
coelomic fluid and blood, the blood circulates in well-formed 
vessels and therefore its circulation is very efficient, much more 
so than in the Crustacea and the Mollusca. The extensive 
system of capillaries in the wall of the intestine serves to take up 
absorbed food which is transported through the blood-stream into 
the dorsal vessel. The dorsal vessel distributes the food-laden 
blood directly to the anterior part of the gut and through the 
“hearts’* and the ventral and ventro-tegumentary vessels to all the 
remaining parts of the body. On its return from the tissues via 
the subneural, comtnissurais and lateral oesophageals, the blood 
brings back their waste-products, e g. carbon dioxide and 
nitrogenous wastes, which are eliminated through the skin and 
nephridia. Further, as the haemoglobin dissolved in the plasma 
combines readily with oxygen from the body-wall to form 
oxyhaemoglobin, the blood also acts as a carrier of oxygen which 
it unloads in all the tissues of the body to form haemoglobin 
again. t „ 

It must be borne in mind that a pigment, to be an effective 
oxygen transporter, must be loaded with oxygen at the respiratory 
surface and unloaded at the respiring surface. Whatever its 
loading pressure, the pigjment will act as an oxygen transporter 
if the respiring tissues are at an oxygen pressure lower than the 
loading pressure, so that the oxygenated pigment becomes, at 
least partially, unloaded. In the earthworm Johnson (1942) has 
found that the loading pressure of haemoglobin (pressure at which 
haemoglobin is 95% saturated with oxygen) at the respiratory 
surface (body-wall) is higher than 19mm. i.e. it can get saturated 
at any oxygen pressure from above 19mm. to 152mm., and that 
at 19mm. or below, the haemoglobin is not completely saturated. 
The respiring tissues, on the other hand, are at a lower oxygen 
pressure, e. g. the coelomic fluid of an earthworm in air has an 
oxygen pressure of only 14mm. (Adler, 1918). The haemoglobin 
of the earthworm, therefore acts as an oxygen transporter, 
at 152, 76, 38 and above 19mm. pressures of oxygen, but not at 
lower pressures, i. e. it is effective not only in the air (at 152mm. 
pressure) but also at lower oxygen pressures from 19 mm, 
upwards. The earthworm haemoglobin is thus a most efficient 
pigment as it can be loaded both in air as well as in an 
$ nvitonment comparatively deficient in oxygen. 


CHAPTER VIII 
THE EXCRETORY SYSTEM 

The excretory organs of an earthworm are coiled tubular 
structures called nephridia. In most earthworms, e. g. Lumbricus , 
Allolobophora and Perionyx , there is a pair of large nephridia in 
each segment lying in the ventro-Iateral regions of the coelomic 
cavity, one on each side of the ventral nerve-cord (fig. 22). Each 
nephridium consists of: (a) a pre-septal ciliated funnel , which 
lies in the segment preceding the one containing the main mass 
of the nephridium and is followed by (b) a short canal or neck 
piercing the septum behind; the neck leads into (c) the post-septal 
body of the nephridium which is really a long convoluted tubule 
bound together by connective tissue; the last portion of the tubule 



Fig. 22— A diagrammatic representation of paired nephridia in Lumbricus . 
f , funnel or nephridiostome; nph body of the nephridium ; s intersegmental 
septum ; v. n. c.> ventral nerve-cord, 

is muscular and opens to the exterior through the nephridiopore 
which lies on the ventral or lateral surface of the segment 
containing the body of the nephridium. 

In Pheretima , however, the excretory system is built on a 
different plan: the nephridia are very numerous in each segment 
and are very small in size; further, there are three kinds 
of nephridia, and though a part of the excretory fluid is 
discharged to the exterior through the nephridiopores, the 
greater part is poured into the alimentary canal through an 
elaborate system of canals and ducts (figs. 23 and 25). 
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The nephridia occur in all the segments of the worm except 
the first three, and we can distinguish three sets of nephridia 
according to their position in the body of the worm: (a) the septal, 
(b) the integumentary , and (c) the pharyngeal nephridia. The 
septal nephridia are attached to each intersegmental septum behind 
the fifteenth segment and are present on both the anterior and 
posterior sides of the septum; the integumentary nephridia are 
attached to the inner surface of the body-wall and are very 
numerous in each segment except the first six in which they are 
absent; while the pharyngeal nephridia are confined only to the 
fourth, fifth and sixth segments. The position and distribution 
of these three kinds of nephridia are represented diagrammatically 
in fig. 23. 

A septal nephridium (fig. 24 A) consists of : (i) a funnel or 
nephridiostome, followed by (ii) a short narrow tubule, the neck , 
(iii) the body of the nephridium , consisting of a short straight lobe 
and a long spirally twisted loop , and (iv) the terminal nephridial 
duct which varies in length and joins the septal excretory canal 
(fig. 25). The funnel is a rounded structure through which the 
nephridium communicates with the coelom. It is formed of a 
large central cell bounded by eight or nine ciliated marginal cells 
forming the large hood-like upper lip, and four or five compact 
cells forming the lower lip. The two lips are separated from each 
other by an elliptical opening , the mouth of the funnel. A narrow 
ciliated tubule leads from the funnel into the body of the 
nephridium in which it makes several loops and forms altogether 
a very long canal. Of the two parts of the body of the nephri- 
dium, the twisted loop is more than twice the length of the 
straight lobe and consists of two limbs, a proximal and a distal, 
spirally twisted around each other, the number of twists varying 
from 9 to 13. At the base of the nephridium the straight lobe is 
continued into the distal limb of the twisted loop, while the 
proximal limb receives, on the one hand, the ciliated tubule from 
.the funnel and gives off, on the other, the terminal nephridial 
duct. The exact course of the nephridial canal in the body of 
the nephridium is shown in fig. 24 A. It should be noted that 
while there are three parallel canals in the basal part of each of 
the two limbs of the twisted loop, there are only two parallel canals 
in the apical part, and that in the short straight lobe there are 
four canals running more or less parallel to one another. We 
may also note that the whole of the septal nephridium, including 
the funnel, the body and the terminal duct, is unisegmental, i . e. it 


. Fig* 23— The general plan of the nephridia! system of Pheretima 
(diagrammatic), h. gi, blood-glands; c., cerebral ganglion; cl, cliteHum; u., 
cone-shaped septa; d.r., dorsal vessel; f.i.n.* “forests” of integumentary nephridia 
of the 14th, 15th and 16th segments; giz„ gizzard; in, integumentary nephridia; 
mi., intestine; la., Ip left anterior ahd left posterior series of septal nephridia; 
pk, % pharynx; pd$ , pd* , ducts of the pharyngeal nephridia of the fourth, 
fifth and sixth segments; p*nA f p,n*s % p.n,® « tufts of pharyngeal nephridia of the 
fourth, fifth and sixth segments ; pr. s prostomium; r. a., r, right anterior and 
right posterior senes of nephridia; su, stomach, (X cir. 3), 
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lies in one and the same segment (fig. 25), unlike that of Lumbricus 
where the funnel lies in one segment and the body and the 
terminal duct in the succeeding segment (fig. 22). 

The distribution of cilia in the funnel and in the body of the nephriclium 
can be easily seen by examining a live nephridium in normal salt solution. The 
cilia are arranged on the funnel along eight or nine rows radiating from the 
mouth of the funnel to its periphery, each cell bearing a row of cilia. All the 
cilia of one row beat simultaneously towards the mouth of the funnel, but 
alternate in movement with the cilia of the neighbouring rows. In the body 
of the nephridium there are four ciliated tracts (fig. 24 ) along the course of 
the nephridial canal. The first tract lies in the narrow neck following the 
funnel, the second and third tracts lie in the short straight lobe, but the cilia 
in these two tracts wotk in opposite directions; the third ciliated tract in 
which the cilia work upward is specially remarkable in that the ceils surroun- 
ding it accumulate large quantities of dark brown granules within themselves; 
the fourth ciliated tract lies within the terminal duct of the nephridium. In 
each of these tracts the ciliary movement presents an appearance closely 
resembling that of the flickering of a delicate flame. 

Each septum behind the fifteenth segment bears four rows 
of septal nephridia, two on its anterior face and two' on its 
posterior face, i. e. an anterior and a posterior row on either side, 
right and left, of the intestine (fig. 23). On an average, each 
septum has 40 to 50 nephridia attached to its anterior face and a 
similar number to its posterior face, so that each coelomic com- 
partment contains 80 to 100 septal nephridia. The terminal ducts 
of these nephridia open into a pair of septal excretory canals 
running on each septum parallel and internal to the commissural 
vessel of each side, so that the excretory fluid from the septal 
nephridia of each side is discharged into their corresponding 
septal excretory canal (fig. 25). This pair of canals on each 
septum opens dorsally into a pair of supra-intestinal excretory 
ducts , These two excretory ducts lie'side by side in the mid-dorsal 
line immediately beneath the dorsal vessel and extend from the 
fifteenth segment right up to the posterior end of the worm: they 
receive. the excretory fluid from; the pair of septal canals on 
each septum all along their length. Finally, one or the other 
supra-intestinal duct opens into the lumen of the intestine through 
a very narrow ductule (fig. 25 and 26) at the level of each inter- 
segmental septum, so that there are as many excretory openings 
into the intestine as there are segments behind the fifteenth. 
Each opening into the intestine is surrounded by a small sphincter 
which presumbly controls the discharge of the excretory fluid 
into the intestine. This elaborate nephridial system is represented 
diagrammaticaliy in fig. 25. It is clear that the waste products 
excreted by the septal nephridia are ultimately discharged into 
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the lumen of the intestine, and not to the exterior as in most other 
earthworms* This peculiar type of excretory system was first 
described in Pheretima (Bahl, 1919) and has since been found also 
in Lampito , Nelloscolex , Tonoscotex , several species of Megascolex, 
and in Traimcolides {Bah!, 1924, 1926, 1941, 1943 and 1946) and is 
known as the M enteronephric ,u nephridial system* The whole 



Fig. 24— -A* A septal nephridium showing the course of the nephridial 
canal and die '‘ciliated tracts*” a*— a'., the first cilitated tract; b— b\, the 
second, c.-xc**, the third, and d* — d'. # the fourth ciliated tract; b. c. t, the 
brown ciliated area; dl % the distal limb of the twisted loop; f, t the funnel; 
i. I , the ihner loop, and o* f. the outer loop in the straight lobe; p. the 
proximal limb of the twisted loop; the place of entrance and exit of the 
nephridial canal (X cir, 200)* B, A longitudinal section of the funnel c% c» f 
central cell; f, n* t. % the free first part of the nephridial tubule ; L lower lip; 
m. c. marginal cell ; u. I„ upper lip (X dr, 100)* 

i The term expresses the peculiar feature of this system, namely, that the. 
excretory products are discharged into the lumen of the gut and not to the 
exterior. " : d 
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system is strictly segmental in arrangement, the nephridia, septal 
canals and openings of the supra-intestinal ducts being all 
segmentally arranged. 

The integumentary nephridia are the smallest of the three 
types of nephridia, and lie scattered on the entire parietal surface 
of the body-wall in each segment, except the first six. They are 
hardly visible to the naked eye, but under a hand lens they are 
seen projecting into the coelomic cavity as V-shaped structures. 
They number from 200 to 250 in each segment, except in the 
fourteenth, fifteenth and sixteenth segments, where they are 
about ten times this number and form, so to speak, "forests" of 
nephridia (fig. 23). An integumentary nephridium resembles a 
septal nephridium in having a short straight lobe and a twisted 
loop, but there is no coelomic funnel or neck, the nephridium 
being closed internally. Only two ciliated tracts of the straight 
lobe are present, while the other two are absent. These nephridia 
are less than half the size of the septal nephridia, and each of 
them opens independently by a nephridiopore on the outer 
surface of the body-wall, so that there are as many nephridio- 
pores on the skin as there are integumentary nephridia. 

The pharyngeal nephridia occur as paired tufts or bunches 
m each of the fourth, fifth and sixth segments, lying on either 
side of the pharynx and oesophagus. Each tuft consists of a very 
large number of nephridia, the terminal ductules of which join 
together a form slender ducts which unite with similar other 
ducts, ultimately forming three pairs of long thick-walled ducts, 
a pair from the nephridial bunches of each of the three 
segments. These., ducts run forward on each side of the 
ventral nerve-cord, about 1 to 2 mm. apart. The pair of 
ducts from the nephridial bunches of the sixth segment 
opens into the buccal cavity about the middle of the second 
segment, while the ducts from the nephridia of the fourth and 
fifth segments open into the pharynx. The course of these ducts 
and their places of opening are shown in figs. 23 and 27. These 
nephridial tufts have a large number of cell-masses, the “blood- 
glands”. (page 38), intermingled with them. The nephridia are 
as large as the septal nephridia, but like the integumentaries, 
they lack a coelomic funnel. The pharyngeal nephridia, like the’ 
septal, discharge their excretory products into the lumen of the 
gut (buccal cavity and pharynx) and should therefore be included 
under the enteronephric system, as distinguished from the 
integumentary nephridia, which open to the exterior and are 
therefore “exonephric.” ' 





Fig. 26— A transverse section of the roof of the intestine showing the left 
supra-intestinal excretory duct opening into the lumen of the intestine on one 
side of the typhlosole. si. e. d. % supra-intestinal excretory ducts, the left of 
which opens into the intestine by a narrow ductule o. which is surrounded by 
a sphincter; ty., typhlosole. (X cir. 272) 
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PHYSIOLOGY OF THE EXCRETORY SYSTEM. 

Ever since Gegenbaur (1853) first suggested the excretory 



Fig. 27-— A diagrammatic transverse section through the posterior end of 
the pharynx,’ showing its division into dorsal and ventral chambers, and the three 
pairs of ducts of the pharyngeal nephridia. On the left side, the duct of the 
pharyngeal nephridia of the fourth segment is seen entering the cavity of the 
pharynx, h* w,* body-wall; d. dorsal vessel; n. c. , ventral nerve-cord; 
pharynx; pk. m.» pharyngeal mass; ph.s.< pharyngeal shelf separating the dorsal 
or “salivary” from the ventral or “conducting” chamber; pdt, t p.d2., p.d8.< ducts 
of the pharyngeal nephridia of the fourth, fifth and sixth segments respectively; 
5 . c.» salivary chamber; v. dU ventral or- conducting chamber; v. p. t ventral 
vessel. (X cir. 25). 

function of the earthworm nephridia, they have been accepted 
as excretory organs largely on the basis of their structure which 
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is admirably adapted for passing liquid out of the body. But 
their exact mode of working was not clearly understood. 
Recently adequate quantities of the “urine** of Pheretima have 
been collected and its constituents analyzed along with those of 
blood and coelomic plasma (Bahl, 1945, 1946 and 1947). It has 
been found that the nitrogenous waste products in the urine are 
ammonia, urea and creatinine, but there is no uric add, that 
these wastes are excreted by the nephridia both from the 
coelomic fluid and blood, and that the urine is markedly hypotonic 
both to the blood and coelomic fluid. The hypotonic urine 1 
indicates that the nephridia play an active part in the water 
balance of the earthworm. Water and salts enter the body 
through the skin and a hypotonic urine is eliminated by an active 
process of secretion; in fact, the earthworm functions like a 
freshwater animal in its osmotic relations. Working on the 
nephridia of Lumbricus , Ramsay (1949) has recently suggested 
that the site of formation of the hypotonic urine is the wide 
tube and possibly also the middle ciliated tube. In the septal 
nephridia of Pheretima the third ciliated tract (c-c', fig. 24) 
and the swollen bent part of the tubule next to it accumulate 
dark-brown excretory granules within their cells and are 
probably concerned also with active secretion of urine. 

The elaborate “enteronephric” nephridial system of 
Pheretima discharging excretory fluid into the lumen of the 
intestine instead of to the exterior is apparently an adaptation 
for the conservation of water which is reabsorbed by the walls 
of the intestine (Bahl, 1934). 

1 The depression of freezing point (A) of urine is about 0.057°C. 


CHAPTER IX 

THE NERVOUS SYSTEM 

The central nervous system (fig. 31) consists of a pair 
of supra-pharyngeal ganglia, a pair of peri-pharyngeal 
connectives, a pair of sub-pharyngeal ganglia and the double 
ventral ganglionated nerve-cord. 

The supra-pharyngeal or cerebral ganglia lie closely connected 
together in the anterior part of the third segment in the groove 
separating the roof of the buccal chamber from that of the 
pharynx. From each of these two ganglia, eight to ten nerves 
arise from its lateral border and divide into several branches 
supplying the prostomium and the wall of the buccal chamber 
and pharynx. A pair of peri-pharyngeal commissures , one on either 
side of the pharynx, connect the cerebral ganglia with a pair of 
sub-pharyngeal ganglia , lying beneath the pharynx in the posterior 
part of the third and the anterior part of the fourth segment, 
thus forming a ring or collar around the pharynx. These 
connectives give off nerves to the body-wall of the first segment 
and the wall of the buccal chamber, while the sub-pharyngeal 
ganglia supply nerves to the various structures in the second, 
third and fourth segments (Imai, 1928). 

The ventral nerve-cord runs straight back along the mid- 
ventral line from the sub-pharyngeal ganglia to the posterior end 
of the body* Although the ventral nerve-cord appears single, it 
is actually double, being made up of two longitudinal cords fused 
together. In each segment behind the fourth, there is a swelling 
of the nerve-cord formed of a pair of ganglia , successive pairs of 
ganglia being connected from segment to segment by fused 
double cords, the commissures . The whole of the ventral nerve- 
cord (fig. 31) is thus a connected system of ganglia and 
commissures. 

The ganglia of each segment give off three pairs of nerves, 
a pair in front of the row of setse and two pairs behind. These 
nerves contain both afferent and efferent fibres and are distributed 
to the body-wall and the viscera. The afferent fibres start from 
the receptor organs in the epidermis, and passing inwards 
terminate in the ventral nerve-cord in fine branches; stimuli 
received by the epidermal receptors are transmitted as nervous 
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impulses along the afferent fibres of the sensory neurone to the 
nerve-cord (fig. 28). In the cord itself the afferent neurone just 
meets but is not" continuous with the efferent neurone, this place 
of meeting "being "called a synapse. Through this synapse the 
sensory impulse is transferred to a motor neurone which transmits 
the impulse along its efferent or motor fibres to the muscles 
causing them immediately to contract. The cord thus serves as 

v . n. c. 



Fig. 28 — A diagram of the chains of nervous elements in the ventral 
nerve-cord concerned in'the conduction of stimuli, a. n„ afferent, (sensory) 
neurone; adj. adjustor neurone; c, m., circular muscles; e, n., efferent 
(motor) neurone; ep. y epidermis; g. f., three giant fibres (the fourth or sub- 
median is not shown); Lm„ longitudinal muscles, (Adapted by permission 
from Borradaile, Eastham, Potts and Saunders’s “The Invertebrata”). 

an exchange of impulses, where the sensory impulse is reflected 
back as a motor impulse. This simple circuit of impulses forms 
a reflex arc (fig. 28,5), so called because of its superficial 
resemblance to the reflection of a ray of light by a mirror. Very 
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often, between the sensory neurone and the motor neurone, a 
third element called the adjustor neurone is interpolated; its 
function is to establish a communication between the sensory 
and motor elements. The processes of the adjustor sensory 
may extend longitudinally from segment to segment; thus by 



n.c. 



Fig. 29— A, A section of the ventral nerve-cord. B. A section of the 
ventral nerve-cord at the region of the origin of segmental nerves. Ig.f lateral 
giant fibre; laU lateral segmental nerve; median giant fibre; f, f 

muscle-fibres; «. c., nerve-cells; n.f,, nerve-fibre; per, f peritoneum; sm.g.f. 
sub-median giant fibre. 

means of these adjustors a stimulus received in one segment 
spreads over to several segments causing a general contraction of 
a large part of the body. Fig. 28 is a diagrammatic representation 
of the chains of nervous elements in the central nervous system 



of the earthworm and their connections with the epidermis and 
the two muscular layers* In segment 5 a simple reflex arc 
extending over one segment only is represented; the sensory 
impulse from a receptor organ in the epidermis travels inward 
along a sensory neurone and is reflected back in the same segment 
along a motor neurone causing the circular or longitudinal 
muscles to contract. Segment 2 shows another reflex arc by 
means of which a correlation is brought about between the 
circular and longitudinal muscles, so that the contraction of one 
automatically leads to a relaxation of the other. In segments 
3 and 4, an adjustor neurone is shown on each side connecting 
two segments, so that the contraction of a muscle layer in 
one segment leads to the contraction of the same layer in 
the other segment. Four giant fibres run along the whole length 
of the ventral nerve-cord in Pheretima (Fumigo Ogawa, 1939); 
these provide for a very rapid conduction of impulses throughout 
the whole length of the body of the worm and in both directions. 

In a transverse section the ventral nerve-cord (fig. 29) is found to be 
divided into right and left halves by a strand of connective tissue, each half 
representing a commissure. The ventrolateral regions of the nerve-cord 
contain ganglion-cells, while the middle and dorsal regions consist of nerve- 
fibres. The upper region of the nerve-cord is occupied by four so-called “giant 
fibres”, a median, a sub-median and two laterals which originate from 
ganglion-cells. The giant fibres are responsible for rapid transmission of 
impulses through the whole length of the cord. These impulses start from the 
cerebral and subpharyngeal ganglia and bring about an immediate co-ordination 
of muscular contraction of the whole body resulting in the jumpingand bending 
movements. In addition to functioning as a sensory relay the cerebral ganglia 
in Annelida also function as inhibitory centres* An earthworm whose 
cerebral ganglia are removed will go o n mov ing without stopping. It is interes- 
ting to noteTrfSatldm^ a nervous impulse m~the earthworm is as high 

as 1970 ft. per second, in man it is 394 ft. per second, while in a mollusc it is 
as low as 4 ft. per second. 

Besides the central nervous system an earthworm possesses nerve-plexuses 
lying beneath the -epidermis within the muscles of the body-wall and on the wall 
of the alimentary canal. Of these the sub-epidermal and intermuscular nerve- 
plexuses are well* developed and lead to reflex actions either independently or 
in conjunction with the central nervous system, Millott (1943) has found 
that the alimentary canal receives its nerve-supply not only from the peri- 
pharyngeal commissures but also from the three pairs of nerves of the ventral 
gangliajm each segment. 


CHAPTER X 

THE RECEPTOR ORGANS 

That earthworms react to a number of external stimuli has 
been known for a long time. Darwin (1881) made prolonged 
observations and experiments to test their ‘‘senses” and came to 
the conclusion that “worms are poorly provided with sense- 
organs, for they cannot be said to see, although they can just 
distinguish between light and darkness; they are completely deaf, 
and have only a feeble power of smell; the sense of touch alone 
is well-developed”, Darwin did not attempt to find out the 
particular structures in the body of the worm which received the 
external stimuli. The special nerve-endings or cells whose 
function is to receive stimuli are called receptors 1 . Different 
kinds of receptors have now been shown to exist in earthworms, 
of which the best known are; (a) the epidermal receptors 
(h) the buccal receptors, and (c) the photoreceptors. 

(a) An epidermal receptor (fig. 30 A) is formed of a group of 
tall slender cells, each of which resembles in shape an ordinary 
supporting cell of the epidermis. The cells are separated from 
their neighbours by spaces and end in hair-like processes at their 
outer free ends. These receptors cause little elevations of the 
cuticle and are found in the epidermis all over the body of 
the worm, being most numerous in the lateral regions and more 
on the ventral than on the dorsal surface. These receptors 
are probably tactile in function (tangoreceptors) , although Hesse 
(1894) believes that they receive chemical stimuli as well It is a 
commonly observed fact that earthworms react markedly to 
touch; if we touch a Pheretima it quickly contracts, while 
Eutyphceus retreats into its burrow at the slightest vibration of 
the ground. Darwin rightly concluded that “of all their senses, 
that of touch, including in this term the perception of a 
vibration seems much the most highly developed”. 

( b ) The receptors in the buccal epithelium (fig. 308) resemble 
the epidermal receptors in their general shape, but are much 
more numerous. In one longitudinal section as many as 31 

*The term receptor organ is now substituted for the older term sense-organ, 
since it has been realized that impressions received through sense-organs do not 
always result in a conscious sensation. 
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receptors were counted in the wall of the buccal chamber. 
Unlike the epidermal receptors, the buccal receptors have a 
broad distal end and their sensory hairs are much better 
developed. A distinguishing feature of the buccal receptor 
cells is that their nuclei lie deeper in the cells than do the nuclei 
of the surrounding cells of the buccal epithelium. If we bear in 




Fig. 30— The receptor organs. A. An epidermal receptor of Pheretima posthuma 
(X cir. 515). b. c., basal cells; cw., cuticle; c. n, retracted cilia of the receptor 
cells; n. f., nerve-fibres; r. c„ receptor cells; s. c., ordinary supporting cells 
of the epidermis. B. A buccal receptor of Pkeretima (X cir. 490). h c., buccal 
epithelium; r. c M buccal receptor cells with retracted cilia at their distal ends; 
n. f., nerve-fibres. C, A photoreceptor of Lumbricus ( X cir. 600). (After 
Hess, from Stephenson’s “Oligochaeta”). 1., lens; n., nucleus; o. optic nerve; 
r.* retinella (neurofibrillar network of the optic organelle). 

mind the fact that an earthworm constantly protrudes its buccal 
chamber for taking hold of its food, the extensive distribution 
of receptors in this anterior part of the gut becomes easily 
explicable. From their situation it would appear that these 
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receptors are probably concerned with chemical stimuli and 
serve to smell as well as taste the food ( olf actor eceptors and 
gustoreceptors) . Darwin has recorded that earthworms can 
distinguish between the taste of different vegetable foods and 
show preference for onion and carrot leaves over celery, horse- 
radish and cabbage- . 

(c) The receptors for light ( photoreceptors ) occur in the 
epidermis and on some of the nerves close to their terminations 
in the skin. Hess (1925) has found that in Lumbricus these light* 
cells ( 4 ‘lichtzelle ? \) are most numerous on the prostomium and on 
the first segment but occur in lesser numbers on other segments 
. as well; they are even found on the last segment but are not 
* found on the ventral surface of the worm. Each photoreceptor 
(fig. 30 C) is a single cell containing a nucleus and an optic 
organelle (lens) consisting of a hyaline substance; the cytoplasm 
contains a network of nerve-fibrillae arising from the nerve-fibre 
supplying each light-cell. 

Darwin’s experiments established the fact that an earthworm 
withdraws from an illuminated area, and that “light affects worms 
by its intensity and by its duration”. In weak light they come 
out but in strong light they retreat into their burrows. 

lThe existence of photoreceptors has recently been demonstrated in 
Pheretima also. 




CHAPTER XI 

THE REPRODUCTIVE SYSTEM 


Earthworms are monoecious or hermaphrodite, i. e. both 
ovaries and testes occur in the same individual; each earthworm, 
thus, produces both ova and spermatozoa, but in spite of this fact 
the eggs of one individual are, as a rule, fertilized by the 
spermatozoa of another. Exchange of sperms is effected during 
the copulation of two worms, the sperms of each being 
transferred to the spermathecae of the other (figs. 34 and 35). 

(2) THE MALE GENERATIVE ORGANS. 

A mid-dorsal incision of the worm discloses prominent 
white or yellowish-white sac-like structures, situated on both 
sides of the oesophagus in the tenth, eleventh and twelfth 
segments (fig. 6). When the oesophagus is carefully removed, 
the male generative organs are fully exposed and are found to 
consist of two testis-sacs , lying ventrally beneath the oesophagus, 
one behind the other, in the tenth and eleventh segments, and 
two pairs of seminal vesicles , extending laterally in the eleventh 
and twelfth segments. The relations of the testis-sacs and the 
seminal vesicles are illustrated in figs. 31 and 32. 

Each tesiis-sac is ventral in position but extends laterally 
on each side; it encloses a pair of testes in front and a pair of cilia- 
ted spermiducal funnels behind, lying one on each side of the ventral 
vessel. Each side of a testis- sac communicates behind with the 
seminal vesicle of its own side; thus the testis-sac of the tenth 
segment communicates behind, through two openings, with the 
two seminal vesicles of the eleventh segment, while the testis- 
sac of the eleventh segment communicates similarly with the two 
seminal vesicles of the twelfth segment. The testis-sac of the 
eleventh segment becomes so very extensive as to surround and 
enclose within it the two seminal vesicles of this segment (fig. 31). 

The testis-sacs are usually regarded as closed off portions of the coelom, 
while seminal vesicles are outgrowths of the septa. The seminal vesicles are 
small and spongy at first but become greatly distended as they get filled with 
developing sperms. 

The- essential organs of reproduction, the testes , arise as a 
pair from the inner surface of the anterior wall of each testis-sac, 
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Fig. 31— A dissection of the earthworm showing reproductive and 
nervous systems (semi-diagrammatic), ac. gl, accessory gland; c. g., cerebral 
(supra-pharyngeal) ganglia ; d.,rclitellum; comm., the two fused commissures* 
and n . g .» nerve-ganglia of the ventral nerve-cord; ov., ovary; o. d., oviduct; 
ovarian funnel; p. d., the common prostatic and spermatic duct; p. gh, prostate 
gland; s. f., spermiducal funnel; 5. segmental nerves; s. seminal vesicle; $p., 
spermatheca with its diverticulum; s. p. g., sub-pharyngeal ganglia; t» testis; 

testis-sac; v. d., vasa.deferentk; v. ventral vessel; v. n, c., ventral nerve- 
cord. ■ ■ V. - ^ V V-v- 
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Each testis is a minute white body visible only under a strong 
lens; it is made up of four to eight digitate processes (figs. 31 and 
32) arising from a narrow base, and contains oval or rounded 
cells, the spermatogonia or sperm-mother-cells , closely packed 
together in a fine matrix of connective tissue. These sperm- 
mother-cells are shed into the cavities of the testis-sacs and 
thence make their way into the seminal vesicles; here the 
spermatogonia undergo division and maturation, and develop 
first into spermatids and then into spermatozoa . The mature 
sperms find their way back into testis-sacs and pass out through 
the spermiducal funnels, each of which lies immediately behind 
its own testis and has a folded and profusely ciliated margin. 
Large masses of sperms are usually found attached to the margins 
of the spermiducal funnels. Each funnel leads into a spermiduct 
or vas deferens 9 which, along with its fellow of the same side, 
runs as a slender duct along the inner surface of “the body-wall 
from the twelfth to the eighteenth segment, where both the 
vasa deferentia of each side are incorporated into a thick muscular 
duct, the common spermatic and prostatic duct. The vasa deferentia 
are lined internally with ciliated epithelium (fig. 32) right up to 
the point where they enter the common prostatic duct. 

The prostates or spermiducal glands (fig 31) are a pair of 
large solid white structures, flat and irregular in outline, lying 
one on each side of the gut from the sixteenth or seventeenth 
to the twentieth or twenty-first segment. Each prostate is a 
racemose gland produced into many lobules closely packed 
together, the cells of which show no definite outlines and are 
actively secretory; a large number of small ductules embedded in 
the substance of the gland join together to form the prostatic 
duct. On emergence from the gland this duct is joined by the 
two vasa deferentia of its own side and these three ducts are 
together enclosed in a common muscular sheath to form a thick 
muscular duct of the shape of a horse-shoe. Within this common 
spermatic and prostatic duct, the three tubes remain distinct 
throughout and open separately on the body-wall through each 
male generative aperture on the eighteenth segment 1 . Thus 
there is no mixing of the spermatic and prostatic fluids within 
the worm’s own body. 

The two vasa deferentia of each side convey the spermatic 
fluid, while the prostatic duct carries separately the prostatic 

lEach male pore (fig. 1 A) is really a group of three apertures, a large 
prostatic aperture and two small apertures of the two vasa deferentia. 


63 

fluid. The exact function of the prostatic secretion is still 
uncertain. 

(2) THE FEMALE GENERATIVE ORGANS, 

The female generative organs consist of a pair of ovaries, a 
hair of oviducts and four pairs of spermathecae* The ovaries are 



Fig. 32— A transverse section passing through the testis-sacs and seminal 
vesicles in the anterior part of the eleventh segment, b. w., body-wall; c, t. s„ 
cavity of the testis-sac of the tenth segment leading into the seminal vesicle of 
the eleventh segment; d, v„ dorsal vessel; lat, oes lateral-oesophageal vessel ; 
n, c., nerve-cord; oes., oesophagus; $., intersegmental septum 10/11; s, u v H supra* 
intestinal vessel branched; s. v„ seminal vesicle containing sperm-morulae, 
spermatids and sperms; t„ digitate testis; t. s ,, anterior lobe of the testis-sac of 
the eleventh segment; v. d. f vas deferens from the testis-sac of the tenth 
segment; v. v,, ventral vessel. (X cir, 36). 

minute whitish masses attached to the hinder face of septum 
12/13, one on either side of the ventral nerve-cord. Under the 
microscope, the compact base of an ovary closely resembles that 
of a testis, but the distal digitate processes are very much longer 
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and contain ova in linear series in various stages of development. 
The oviducts are two short tubes, each with a large oviducal 
funnel at its inner end. These funnels are more or less saucer- 
shaped structures with folded and ciliated margins and lie 
immediately behind the ovaries in the thirteenth segment. The 


amp. 


amp. 


Fig, 33 — A transverse section of Pkeretima through the region of the 
spermathecae. amp., ampulla of a spermatheca; b . gl . , blood-glands; b» body- 
wall; div^ diverticulum of spermatheca containing sperms; d . dorsal vessel; 
L oes.y lateral oesophageal vessel; m. muscle-strand; oes., oesophagus; o. s., 
opening of spermatheca; ph* pharyngeal nephridia; si, $ 2 , intersegmental 
septa 5/6 and 6/7; v* n > c„ ventral nerve-cord; v, ventral vessel. (X cir. 90). 

mature ova, as they are shed, pass through these funnels into 
the oviducts, which perforate the septum 13/14 and immediately 
converge to meet in the body-wall beneath the nerve-cord, and 
to open externally through the common oviducal aperture on the 
fourteenth segment. Like the vasa deferentia, the oviducts 
are ciliated all along their length. 
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Besides the ovaries and oviducts, there are four pairs of sacs, 
the spermathecse , situated in the sixth, seventh, eighth and ninth 
segments (fig* 31). Each spermatheca is a flask-shaped structure 
consisting of a pear-shaped ampulla corresponding to the body 
of the flask and a narrow duct comparable to its neck; the duct 
of each spermatheca gives off a simple elongated diverticulum of 
considerable size which may reach half the length of the ampulla. 
In most earthworms the ampullae serve as storehouses of mature 
spermatozoa which are received from another worm during 
copulation, but in Pheretima the sperms are stored in the 
diverticula and not in the ampullae (fig. 33). The spermathecae 
open to the exterior through the four pairs of spermathecal 
pores. 

Grove (1925-26) made observations on the wall and contents of the sper- 
mathecae in Lumbricus and found that groups of spermatozoa are embedded in a 
general mass of mucus which also envelopes each individual spermatozoon. He 
believes that this mucus is secreted by the glandular epithelial lining of each 
spermatheca and that the mucus provides some kind of nutriment upon 
which the spermatozoa feed during the time they are stored there. 

The genital or copulatory papillae (fig. 1A) on the 17th and 19th segments 
are continued inwards into white fluffy masses, the accessory glands (fig. 31), 
which lie on the inner surface of the body-wall; these are tufts of glandular 
cells with long slender ductules which open on the exposed surface of each 
papilla. The secretion of these glands probably assists in copulation and hence 
the name copulatory papillae (Page 8). 

(3) COPULATION AND COCOON -FORMATION . 

The process of copulation has been observed in the natural 
condition in Eutyphceus waltoni (Bahl, 1927); it has also been 
observed under laboratory conditions in Pheretima communissima 
(Minoru Oishi, 1930). Two worms ( Eutyphceus ) from adjoining 
burrows meet and become apposed to each other in a head-to-tail 
position (fig. 34) in such a way that the male generative apertures 
of each worm lie opposite the spermathecal pores of the other, 
the intervening areas of the two worms being closely adpressed 
against each other. A cup-shaped structure is formed around 
each male generative aperture, while the area surrounding 
each spermathecal pore is raised to form a papilla which fits 
closely into the male genital cup. The ends of the spermiduct 
and prostatic duct are everted to form a penis which bears 
a pair of penial setae, and lies within each male genital cup. The 
two penes with the penial setae of each worm; are inserted into 
the two spermathecal pores of the other and thus the spermatozoa 



and the prostatic fluid of one worm pass directly into the 
spermathecae of the other. The duration of copulation never 
exceeds an hour, after which the worms separate. This is the 
simplest method of copulation found in earthworms. 

In Pheretima communissima the process of copulation 
is very similar to that in Eutyphceus, but as there are no penes 
in Pheretima, the areas of the male generative apertures 
are raised into papillae which are inserted successively into 
the several pairs of spermathecal pores from behind 
forward (fig. 35). 


Fig. 34 — A photograph of two worms (.Eutyphceus waltoni ) in copulation 
(slightly enlarged), g. c., genital cup; s. p., spermathecal papilla. 

The process of cocoon formation has not yet been followed 
in Pheretima and our knowledge is confined to the process as 
it occurs in other earthworms like Rhynchelmis (Vejdovsky, 
1892) and Eisenia (Grove and Cowley, 1927). In these worms 
a membranous girdle is formed by the secretion of the clitellar 
glands, which hardens on exposure to air, and the worm 
gradually pulls itself out of it. As the girdle passes over the 
oviducal and spermathecal openings, it receives at first the 
ova and then the sperms and also some albumen from the glands 
of the anterior segments. Owing to the elsticity of the girdle, 
its two ends close up as soon as it is thrown off by the worm, 
and the cocoon thus formed is laid in the earth. The cocoons of 
Pheretima are more or less spherical in form and are of an olive 
or light yellow colour. They present a distinctly swollen 
appearance, being tensely filled with albumen. Fertilization 
of the eggs and the entire development take place within the 
cocoon. As the chitinous wall of the cocoon and the enclosed 
albumen are more or less transparent, it is easy to see the 
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developing embryo within the cocoon under a binocular 
dissecting microscope. As a rule, there is only one embryo in 
each cocoon, but occasionally there may be two or even three, 
of which usually only one undergoes complete development* 



Fig. 35 — A photograph of two worms ( Pheretima communissima ) in 
copulation, cU , clitellum; m, g. p male generative papilla; sp. a „ spermathecal 
pore. (After Minoru Oishi) 


Generally the cocoons of Pheretima are laid during and 
after the monsoon (August to October), when there is plenty 
of moisture in the soil and the temperature is suitable for the 
development of the embryo, but in gardens and other places 
where the soil is kept moist even at other times of the year, 
cocoons are also found in April, May and June. 



CHAPTER XII 
THE DEVELOPMENT 

The ovum is spherical and contains a small quantity of yolk; 
cleavage is complete but unequal, resulting in two kinds of cells, 
the small micromeres above and the large megameres below* As 
cleavage proceeds, a hollow sphere or blastula is formed, the walls 
of which are composed of a single layer of cells, those on the lower 
side being larger than those on the upper. All the cells of the 
blastula continue to divide, but two large cells, which lie side by 
side near the equator remain quiescent for a time: these are the 
mesohlastic pole-cells which give rise to two rows of small cells 
by successive divisions. These pole-cells together with the two 
rows of smaller cells derived from them form the mesoblastic bands 
of the embryo. 

The spherical blastula now becomes flattened and forms a 
solid oval structure with small ceils on its upper and large 
columnar cells on its lower surface, the original cleavage cavity 
having become obliterated (fig. 37). Next, the lower surface of 
the embryo formed by the megameres begins to invaginate to 
form the gastrula. As a result of this invagination, there appears 
an elongated groove on the ventral surface, which leads into a 
cavity lined by the original megameres: this cavity is the 
archenteron or primitive gut , the elongated aperture leading 
into it being the blastopore. When gastrulation is complete and 
the three germinal layers have been formed, the outer surface of 
the embryo consists of small ectoderm cells, the enteron is lined 
by large endoderm cells, while the the pole-cells with their 
mesoblastic bands form the mesoderm of the embryo (fig. 36). 

As development proceeds the lips of the blastopore close 
from behind forward, till only a small opening is left at the 
anterior end: this opening persists and the tall ciliated cells of 
the ectoderm surrounding it grow inwards to form an 
epiblastic lining of the mouth, the r 'stomodseum. The ciliated 
stomodaeal canal leads into the archenteron, and the two regions 
of the gut are clearly marked off from'each other at this stage of 
development (fig. 38). On the formation of the stomodaeum, 
the embryo ingests the albumen contained within the cocoon, 
until the enteron becomes so distended, that its walls come to 
be closely applied against the outer ectoderm. 
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The two mesodermal bands lie almost parallel to each other, 
one on either side of the mid-ventral line, but anteriorly they 
meet above and below the blastopore (stomodaeum), and comple- 
tely surround.it. The cells of the mesoderm continue to multiply 
and very soon each band divides antero-posteriorly into a number 
of blocks, the mesodermal somites , which are solid at first, but 
soon develop cavities within them: these cavities are the coelomic 
cavities . The mesodermal somites of either side grow upward 
and downward between the ectoderm and the endoderm, 
ultimately fusing with each other dorsally and ventrally; this 
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Fig. 36— A. Ventral view of an embryo of Lumbricus (X 144). 
B. Superficial view of the four teloblasts with their cell-rows. (X 258). 
ec., ectoderm; era*, endoderm; l , lateral telobiast; mth., mouth; m. % mesoblastic 
pole-cells; ms., mesodermal band; nb„ teloblasts of the nerve-cord; n,p c», cells 
of the neural rows; n* n2., teloblasts of the nephridial rows. (After Wilson). 

results in an outer layer of mesoderm applied to the ectoderm 
and an inner layer applied to the endoderm, the space between 
the two being the coelom. The outer layer thus formed from 
the mesodermal somite is the somatopleure, while the inner 
layer is the splanchnopleure. The somatopleure forms the muscles 
of the body-wall and the coelomic epithelium internal to it, 
while the splanchnopleure forms the muscles of the gut and 
the coelomic epithelium surrounding the gut. The transverse 
partitions separating successive pairs of mesodermal somites 
persist and form the intey segmental septa of the adult worm. 

While these changes are going on in the mesodermal bands, 
the thickened ectoderm of the ventral surface becomes arranged 



into four distinct rows of cells on each side of the mid-ventral 
line, each row ending posteriorly in a large cell called the teloblast 
(fig. 36). These teloblasts form part of the superficial ectoderm, 
but they bud off rows of cells in front of them which sink inwards 
and come to lie between the ectoderm and the mesoderm. Of these, 
the row of cells on either side of the mid-ventral line develops 
into the nerve-cord, the next two rows give rise to the nephridia, 
while the outermost row gives rise to the setal sacs. The cells 
which give rise to the nerve-cord are known as the neuroblasts , 
while cells which give rise to the nep hridia are called the 
nephroblasts. 

The three kinds of nephridia of the adult Pheretima can all be 
traced back to the nephroblasts of ectodermal origin (Bahl, 1922). 
A pair of integumentary nephridia are the first to appear in each 
segment: they never develop a coelomic funnel and are closed 



Fig. 37— A transverse section of an early embryo of Pheretima* mic u 
micromeres; meg., megameres. (X cir. 625). 

internally* The next set to appear are a pair of primary septal 
nephridia in each segment behind the fifteenth; they have a well- 
developed pre-septal funnel and appear in two straight rows, 
one on either side of the dorsal vessel. At about the same time, 
the primary pharyngeal nephridia of the fourth, fifth and sixth 
segments appear with their long ductules reaching the wall of the 
pharynx. The secondary septal and integumentary nephridia 
arise independently of the primary pairs, but have a common 
origin in the ectodermal nephroblasts. The terminal duct of 
each primary septal nephridium runs along the septum upward to 
meet its fellow in the mid-dorsal line and the two together form 
the beginnings of the supra-intestinal excretory duct. 

The blood-vessels make their appearance in the mesoderm 
even before the paired mesodermal somites have fused together 
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dorsally. The ventral and subneural vessels appear in the mid- 
ventral line, and a commissural vessel on each side connects the 
subneural in each segment with the paired dorsal vessels , one of 
which lies at the upper border of the dorsally advancing meso- 
dermal somite of each side. As the somites grow and fuse 
dorsally, there is a concrescence of the paired dorsals, resulting 
in the single median dorsal vessel of the adult worm. 

Fig. 38 shows the progressive development of the meso- 
dermal somites from in front backward. At the hind end the 
mesodermal somites are in their earliest stages of development 
and are confined to the ventrolateral regions of the embryo 



Fig 38 — A longitudinal section of an embryo of Pkeretima , showing the 
stomodaeuxn and the coalomic cavities, coel . , ccelomic cavities; ecu, ectoderm; 
end., endoderm; mes, y mesoderm; m.p.c., pole-cell of the mesoderm; n. 
nephroteloblast; stem*, ciliated stomodaeum opening into the enteron filled 
with yolk. (X cir. 300). 

(fig. 39); further forward in the middle region, the somites have 
coalesced ventrally, but the fusion is still incomplete in the 
dorsal region, while in the anterior region of the embryo the 
somites have fused both dorsally and ventrally, forming complete 
ccelomic chambers surrounding the gut. 

Further development of the worm consists in a continuous 
formation of new somites from the mesoderm from behind 
forward. This internal segmentation resulting from successive 
completion of mesodermal somites is followed by an external 
segmentation of the embryo. As the tissues of the adult worm 
become differentiated and the typical number of segments j$ 


formed, development is completed. The anus is formed at an 
advanced stage of the embryo as an ectodermal invagination 
fusing with the enteron in the last segment of the worm. 

The structures derived from the three embryonic layers may 
now be enumerated. The ectoderm gives rise, to the epidermis, 



Fig. 39— Ventral portion of a transvese section of an embryo of Pheretima 
300 §& long, showing mesoblastic somites with their coelomic cavities and the 
demarcation of the nephroblasts from the definitive ectoderm, cash , coelomic 
space; ecu , ectoderm; end., endoderm; mes mesoderm; nph . c. t nephroblasts. 
(X cir, 664). 

the nervous and excretory systems, as well as to the stomodaeum 
and the proctodaeum; the mesoderm gives rise to the muscles, 
the intersegmental septa, the coelomic epithelium, the blood- 
vessels and the reproductive 9 organs; while the endoderm gives 
rise to the inner epithelial lining of the alimentary canal, and its 
appendages and glands. 


CHAPTER XIII 

BIONOMICS, DISTRIBUTION AND RELATIONSHIPS 

The earthworm derives its name from the fact that it 
burrows into the earth and eats its way into the soil, bringing 
earth to the surface from considerable depths. Ordinarily 
earthworms have to be dug out of the ground, but during the 
rains they are found creeping over the surface in large numbers; 
it is for this reason, no doubt, that the Germans call them 
regenwurmer {rain-worms 1 ) , Earthworms generally inhabit a 
superficial layer of twelve to eighteen inches of earth, which 
is rich in decaying animal and vegetable matter, but in the spring 
and summer months, when there is a period of prolonged drought 
in most parts of India, worms descend deeper in search of 
moisture to avoid desiccation. Bourne obtained specimens of the 
earthworm Drawida grandis at a depth of nine to ten feet in 
May in the Nilgiris. 

The presence of earthworms can be generally detected from 
their “castings’*, the little heaps of earth that are really 
faeces of the worms and are commonly seen on lawns and 
meadows. These worm-castings are abundant during the 
monsoon and even later in September and October, when there 
is still sufficient moisture in the surface layers of the soil It is 
interesting to compare the castings of Pheretima posthuma and 
Eutyphceus waltoni which are the two commonest earthworms 
found in Northern India during the rains. The castings of 
Pheretima (fig. 40) consist of little heaps of small rounded 
pellets or balls, each distinct from the others, lying at the 
opening of the burrow of the worm, while the castings of 
Eutyphceus (fig. 41) form large tower-like structures with an 
open passage in the middle. During defaecation Pheretima voids 
its pellets one by one in succession, while Eutyphceus gives out 
a long continuously winding string of earth. Worm-castings are 
sometimes very large and heavy; Gates has recorded that in 
Burma, medium-sized castings of Tonoscolex hirmanicus may be 
120 mm. high and may weigh Ig- lbs. after four months of drying 
in rainless weather* 

Cf. Telugu, vanapamu (rain-snake). 
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Darwin (1881) made observations extending over forty years 
on the action of earthworms on the soil; he estimated that 
an acre of land provided enough burrowing ground for over fifty 
thousand earthworms and that these worms would bring to the 
surface fourteen to eighteen tons of earth in a year, i. e. a layer 
of earth, one-fifth of an inch deep, would be transferred from 
the sub-soil to the surface through the castings of the worms. 
In this way, the soil is being continually turned over by 
earthworms and is being made porous for the absorption of 
moisture. This tilling action of worms has been admirably 
summed up by Darwin in the following passage: “When we 
behold a wide, turf-covered expanse, we should remember that 



Fig. 40 *— A photograph of the castings of Pheretima posthuma* 


its smoothness, on which so much of its beauty depends, is mainly 
due to all the inequalities having been slowly levelled by worms. 
It is a marvellous reflection that the whole of the superficial 
mould over any such expanse has passed, and will again pass 
every few years through the bodies of worms. The plough is one 
of the most ancient and most valuable of man’s inventions; but 
long before he existed, the land was in fact regularly ploughed 
and still continues to be thus ploughed by earthworms. It may 
be doubted whether there are many other animals, which have 
played so important a part in the history of the world as have 
these lowly organised creatures.” In addition to this ploughing 
action, worms have been credited by Darwin with the protection 
and preservation of archeological objects, such as ’elegant and 
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curious tesselated pavements/' found buried beneath worm- 
castings* Further, Darwin pointed out that the humus covering 
the surface of the earth everywhere was produced by the digestive 
and excretory activities of the worms, and that the digestive 
fluids played a very important part in the breaking up of rocks. 

Some of the earthworms can adapt themselves to media 
other than earth; for example, some species of Perionyx are 
definitely aquatic; species of Dichogaster have been found on 
tops of palm trees; Pheretima music a lives in humus collected 
between epiphytic ferns and the tree trunks in Java ; while 
Dendrobaena is known to burrow into the green ice of glaciers, 
Mesenchytrceus has been found in the snow in Alaska, 



Fig. 41 — A photograph of the castings oi^Eutyphceus waltoni , 

As a rule, earthworms are nocturnal in habit; they come out 
at night to feed and copulate, but retreat into their burrows 
during the daytime. The earthworm Eutyphceus^ however, is a 
surface-feeder and can be seen picking up particles of earth even 
at daytime during the rains; the worm keeps its tail-end within the 
burrow and retreats into it at the slightest vibration of the 
ground. Pheretima , on the other hand, is a confirmed burrow er 
and is seldom seen on the surface of the ground, both the feeding 
and reproductive processes apparently taking place underground. 
The burrows help in the aeration of the soil and its drainage, 
and facilitate the downward passage of roots. 


A number of earthworms are luminescent, the best known 
example being Microscolex phosophoreus ; other examples are a 
few species of Eutyphoeus , Eisenia foetida and Octochaetoides 
multiporus . The source of light seems to be the coelomic 
fluid (P. 18) and not the mucus of the skin. 

The food of an earthworm consists of organic matter in the 
soil, seeds and rotting leaves, ova and larvae and small animals, 
living or dead, present in the soil being swallowed by the worms 
along with the earth. But since the proportion of organic matter 
in the soil is generally small, worms have to ingest large quantities 
of earth in order to obtain sufficient nourishment for the needs 
of the body. 

Earthworms are commonly used as bait for fishing in all parts 
of the world and also form a very suitable food for fishes in aquaria. 

Korschelt has estimated that the length of life of 
earthworms varies from 3| to 10| years: Eisenia lives 3|-4| 
years; Lumbricus terrestris 5|-6 years, while Allolobophora longa 
5^-10j years. Parasitisation by insect larvae, deficiency of oxygen 
in the burrows during heavy rains, accidental injuries and 
unfavourable conditions with regard to moisture and temperature 
seem to be the principal causes of death amongst earthworms. 
A general swelling of the body accompanied by continued 
constrictions in the hinder portions of the body form signs of 
approaching death. Birds prey upon earthworms and the common 
saying “the early bird catches the worm” is based on sound 
observation. Kites are generally seen in numbers making a 
morning meal of the earthworm Eutyphoeus during the monsoon. 

The body of an earthworm may harbour several parasites but these are not 
all necessarily harmful or fatal. Amongst the Protozoan parasites Monocystis is 
the commonest, but other genera of Gregarines like Nematocystis, Stofftatophora , 
etc, have also been found in Pheretima. Another common parasite is the 
nematode Rhabditis pellis which occurs only^ in the larval form, the larvae 
having been found both as free actively moving forms and in the encysted 
condition. The larvae .of the Dipteran cluster-fly Pollenia rudis parasitises 
several genera of earthworms which consequently leave their burrows and die 
on the surface of the ground. Besides these parasites, some bacteria, 
Spirochaetoidea, Platyhelmia, Oligochaeta and Rotifera have also been recorded 
from the bodies of earthworms. 

The means of dispersal of earthworms are very limited: 
most of them seldom leave their burrows and even when they 
come out to gather leaves or to copulate, they retain a hold on 
their burrows by their tail-ends ; it is only a few forms like Eisenia 
foetida that possess the power of active wandering, but even for 
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these, mountain ranges, desert tracts and sea-water act as 
effective barriers. Thus it is clear that earthworms can only have 
feeble powers of wandering on their own, but nevertheless they 
may receive considerable assistance from external agencies. 
Transport of worms or their cocoons may take place through a 
tree-trunk floating downstream or through floating islands, often 
formed at the mouths of great rivers* 

Man has played an important part in the dispersal of earth- 
worms : ordinary horticultural trade and the purchase or 
exchange of plants by botanical gardens serve as effective means 
of dispersal of earthworms. Thus almost all the earthworms of 
South-West Africa are forms introduced from outside, there 
being no endemic earthworms in this area at all ; similarly, the 
North-West region of India now contains worms of common 
European species; in Peradeniya Botanical Gardens (Ceylon) 
several species of exotic earthworms have been recorded ; 
similarly European and Chinese forms have been introduced into 
the Nilgiris and Palni hills. Michaelsen has introduced the term 
“ peregrine ” to denote widely dispersed species whether they owe 
their diffusion to man’s agency or to their own powers ; the most 
prominent members of this class are the Lumbricids such as 
Eisenia foetida* Allolobophora caliginosa, and Bimastus constrictus ; 
the next most prominent case is that of the genus Pheretima , 
species of which turn up in collections from the most diverse 
parts of the tropics or even sometimes of the temperate 
regions ; further, Pontoscolex corethrurus is found almost 
everywhere in the tropics and M icroscolex phosphoreus in 
all parts of the world. Other peregrine worms are Eudrilus 
eugeniae and species of Dichogaster (all round the tropical zone), 
Lampito mauritii (India, regions bordering the Indian Ocean, 
Malay Archipelago, South and South-East Asia generally), 
Perionyx excavatus (India, Malay Archipelago, Philippines, 
Thailand, Cochin-China and Reunion Island), Ocnerodrilus 
occidentalis (India, North America, Africa including Cape Verde 
Islands and Comoro Islands) and Nematogenia panamaemis 
(Panama, Cameroons and India). 

Pheretima has spread throughout a large part of India in 
virtue of its peregrine species, be., P. posthuma , P. hawayana , P. 
heterochaeta and P. houlleti ; outside India, the genus has spread 
so as to become world-wide, but its proper home is South-East 
Asia and the Malay Archipelago, China and Japan : there is a 






single endemic species in Queensland and perhaps one in the 
Comoro Islands. 

The Oligochaeta are related to the Polychaeta on the one 
hand and to the Hirudinea on the other. The usual practice of 
grouping the Polychaeta and the Oligochaeta together under the 
class Chaetopoda is an expression of their close relationship. 

Michaelsen (1919), on the other hand, has grouped together the 
Oligochaeta and the Hirudinea under the class Clitellata and has 
thus tried to emphasize the close affinity between these two 
groups. Of the three groups, there is no doubt that the 
Polychaeta are ancestral, while the Oligochaeta are derived from 
the Polychaeta and the Hirudinea from the Oligochaeta. 

On comparing the Oligochaeta with the Polychaeta, we may note that in 
both groups, the metameres are provided with locomotor organs in the form of 
chitinous setae developed in epidermal setal sacs, the coelom is generally large 
and divided into chambers by transverse ccelomic septa and the blood-vascular 
and nervous systems are organized typically on the same plan. But the 
Oligochaeta are highly specialized as regards their reproductive organs and mode 
of development. In the Polychaeta the sexes are distinct and there are 
no localised ovaries or testes, the sexual cells developing from the extensive 
coelomic epithelium, but in the Oligochaeta the sexes are united (hermaphrodite) 
and the ovaries and testes are localized in two, three or four segments. 

Moreover, while there is a well-marked larval stage, the trochophore , during the 
course of development of the Polychaeta, the development in the Oligochaeta is 
embryonic, the embryo being nourished by the albumen or yolk in the cocoon 
formed by the secretion of the’clitellum. Further, the Oligochaeta inhabit damp 
earth or fresh-water, while the Polychaeta are almost all marine forms, and we 
are safe in assuming that, like most other terrestrial or fresh»water forms, the 
Oligochaeta are also descended from marine ancestors. Although we are more 
or less certain that the Polychaeta are the ancestral group, it is not possible to 
specify any particular family of the Polychaeta from which the Oligochaeta can 
be traced to have descended. 

Coming now to the Hirudinea and their derivation from the Oligochaeta, 

Michaelsen (1919) has shown that all the characters of the Hirudinea are already 
present in some degree in the Oligochaeta and that the two groups are geneti- 
cally closely related. Starting with the carnivorous members of the Oligochaete 
families Naididae ( e . g. Chaetogaster ) and Lumbriculidae (e. g. Agrtodrilus ) , 

Michaelsen passes on to the family Branchiobdellidae, the members of which are 

all ectoparasites of crayfish, and even includes Acanthobdella , usually regarded as 

a leech, in the group Oligochaeta. The presence of setae in the five anterior 

segments, the muscular suctorial pharynx, the posterior sucker and the dorsal 

anus are features common to the Lumbriculidae, the Branchiobdellidae and the 

Acanthobdellidae, and are shared by them with the leeches. In fact, there is 

strong evidence in favour of the close relationship of the Hirudinea to the 

Oligochaeta and of the derivation of the former from the Oligochaete family $ 

Lumbriculidae. 


CHAPTER XIV 

DIRECTIONS FOR PRACTICAL WORK 

Beginners should dissect preserved worms to start with, and acquaint 
themselves with the general anatomy of the animal, before attempting to 
dissect fresh specimens. Worms for dissection should be narcotised in weak 
alcohol prepared by adding a small quantity of rectified spirits to the water 
containing the worms. Earthworms narcotised in this way die in a limp 
condition and can be easily stretched by pinning them at the anterior and 
posterior ends. They should be fixed in 5 per cent formalin for a day or two 
and then transferred to 90 per cent alcohol, 

A. EXTERNAL CHARACTERS. * 

With the help of figs. 1, 2 and 3 note the following external 
characters : 

1. The anterior and posterior ends, and the dorsal and ventral 
surfaces. 

2. Segments or metameres: position and extent of the clitellum and of 
the buccal and anal segments; secondary annuli in some of the anterior 
segments, 

3. The mouth with the prostomium overhanging it, and the anus. 

4. Genital apertures and papillae; single oviducal aperture on the 14th 

segment; a pair of male generative apertures on the 18th. and a pair of genital 
or copulatory papillae on each of the 17th. and 19th. segments; four pairs of 
spermathecal apertures in the intersegmental grooves 5/6, 6/7, 7/8 and 8/9 
(fig. 33). :■ 

5. Setae: a ring of setae on almost all the segments of the worm can be 
observed with a hand-lens. 

To make a preparation of setae, a small portion of the body-wall should 
be snipped off with a pair af scissors and treated with 40 per cent solution of 
caustic potash for a few minutes. The skin should then be washed in water 
and mounted directly in glycerine, or in balsam after dehydration and clearing. 
Under the microscope the preparation will show a row of setae in each 
segment. 

6. Dorsal pores: by stretching a freshly killed or even a preserved worm, 
the dorsal pores can be seen in the mid-dorsal line in the intersegmental groove 
12/13 and all the succeeding grooves. 

B. INTERNAL ANATOMY. 

Preserved worms should be dissected under water and fresh ones under 
normal saline (0,75 per cent solution). They should be pinned down to the 
dissecting dish through the mouth and through one of the posterior segments, 
with their dorsal surface upwards. A longitudinal incision of the body~wall 
should be made in the mid-dorsal line from the 30th. segment right up to 
the anterior end. The flaps of the body-wall should be released from the 
septa with needles and pinned down to the dish through definite and equally 
spaced segments like 4,8,12,16,20, and so on. This method of pinning at equal 
intervals facilitates the location of the various structures in definite segments. 
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I. GENERAL SURVEY OF THE INTERNAL ANATOMY . 

Study fig. 6 and identify all the structures shown therein. 

II. THE COELOM AND THE SEPTA . 

a. The coelomic fluid (fig 8). The coelomic fluid can be obtained by 
making a small incision in the body-wall of a fresh worm at any place. A 
drop or two of the fluid thus obtained should be examined under the 
microscope. If the fluid be mixed with an aqueous solution of iodine and 
potassium iodide, the pseudopodia and the protoplasmic films of the leucocytes 
will be fixed in the natural condition. (Goodrich recommends a strong 
solution of iodine in potassium iodide diluted to a sherry red with normal 
saline). 

b. The intersegmental septa (fig. 7). In order to obtain the septa in 
a fully stretched condition to display their sphinctered apertures, a mid- 
dorsal incision should be made in a narcotised worm and the flaps pinned 
down at intervals of four or five segments in such a way that the septa 
remain on the stretch but do not get torn off. The worm should then be 
immersed in a fixative for a day or two in order to fix and harden the septa, 
which can then be removed easily from their places of attachment on the 
body-wall and the gut. Acetic bichromate is a very good fixative for this 
purpose, 

III. THE ALIMENTARY CANAL, 

Identify the following regions of the alimentary canal and note the 
segments in which they lie: 

a . The mouth and the buccal chamber, b . The pharynx, c, The oeso- 
phagus, gizzard and stomach, d. The intestine, e. The rectum. 

The gizzard should be cut into two by a longitudinal incision to observe 
the thickness of its wall and its inner cuticular lining. A portion of the intestine 
and rectum should be opened from the ventral side to display the 
typhlosoie running along the mid-dorsal line of the intestine and to note its 
absence in the rectum. 

IV. THE BLOOD-VASCULAR SYSTEM , 

In a freshly narcotised worm the postero-anterior wave of contraction 
in the dorsal vessel and the dorso-ventral contraction of the “hearts” can be 
easily observed on opening the worm. he valves in the different blood-vessels 
are best seen in sections, A dissected specimen preserved in formalin 
(5 to 10 per cent.) is excellent for the study of blood-vessels, since they seem 
to swell up and become distinct in this fixative. 

Beginners should be able to identify the following blood-vessels: 

« • The dorsal vessel, b. The supranntestinal vessel, lying just beneath 
the dorsal vessel in segments X to XIII. c The ventral vesse , d. The two 
pairs of “latero-cesophageal hearts” in segments XII and XIII, and the two pairs 
of “lateral hearts” in segments VII and IX. e. The lateral-oesophageal vessels 
formed by the bifurcation of the subneural in the 14th. segment, f. The two pairs 
of “anterior loops” in segments X and XI. g. 1 he two pairs of dorse-intestinal 
vessels in each segment in the region of the intestine, h. A pair of 
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commissural vessels on each septum behind the 14th. segment i. The subneural 
vessel. 

Advanced students should identify the following blood-vessels in 
addition: a , Ventro-tegumentary ‘vessels, b. Ventro-intestinal vessels, c The 
intestinal blood-plexus and its three regions (fig. 15). d . Branches of 
the dorsal vessel to the pharynx, oesophagus and gizzard. 

In order to display the parallelism of capillaries in the skin (fig. 17), 
worms should be fixed in BouiiTs fluid immediately after narcotisation. 
The skin should then be treated with caustic potash, most of the muscles 
removed, washed and dehydrated and finally mounted flat in balsam without 
staining. The capillaries retain the yellow colour of the fixative and can be 
easily made out under the microscope, 

V. THE EXCRETORY SYSTEM 

a . Nephridia, A freshly narcotised worm should be opened in normal 

saline and one of the septa behind the fifteenth segment removed with 
a pair of forceps and mounted on a slide in a drop of saline. The septal 
nephridia show ciliary movements on the funnels and in their tubules under 
the high power of the microscope. For permanent mounts a worm should 
be dissected by a mid-dorsal incision and thoroughly washed till it is free of 
the c celomic fluid, since the presence of this fluid renders the fixation of 
nephridia imperfect. The nephridia can then be fixed in situ by covering 
the whole worm with Bonin's fluid or with acetic bichromate. After 
fixation the septa with the nephridia attached to them should be dissected 
out with needles under a binocular dissecting microscope in order to 
separate the individual nephridia, care being taken to keep the funnel 
intact on each nephridium. They can then be stained and mounted in 
balsam. ■ V * 

Advanced students should make preparations of the pharyngeal 
nephridia and their ducts, as also of the integumentary nephridia, 

b. Septal excretory canals and the supra-intestinal excretory ducts. 
These are best prepared from well-fixed and preserved specimens. Preparations 
of complete septa show the septal excretory canals, while the supra-intestinal 
excretory ducts can be dissected out with needles from the roof of 
the intestine. The openings of these ducts into the intestine are seen 
only in sections. 

PL THE NERPOUS SYSTEM . 

For displaying the nervous and reproductive systems, the anterior 
portion of the gut (about 20 segments) should be removed with great care, 
especially in the region of the testis-sacs, seminal vesicles and ovaries. In 
segments X to XX, as much of the septa should be left behind as possible. 

a. The cerebral ganglia and the “nerve-collar.” Cut across the 
ventral nerve-cord at least half an inch behind the peripharyngeal connectives 
and lift the cut end of the anterior portion with a pair of forceps, 
free the nerve-cord from the surrounding tissues and work forward to 
the nerve-collar. Cut across the buccal chamber and pull it out from 
behind, leaving the nerve-collar intact. Carefully dissect away with needles, 
any remaining bits of connective tissue that may still remain attached to 
the collar. Mount the nerve-collar in glycerine or make a stained balsam 
preparation. 
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b. The ventral nerve-cord and the nerves arising from it can be examined 
in a dissection with a hancHens,; 

The histology of the nervous system and that of the receptor organs 
can be studied in specially prepared sections. 

VIL THE REPRODUCTIVE SYSTEM. 

After the removal of the anterior portion of the gut, the spermathecae, 
testis-sacs, seminal vesicles and the ovaries as well as the vasa deferentia and 
oviducts are easily seen. On cutting open the testis sacs and seminal vesicles, 
the testes and seminal funnels can be easily displayed under a hand-lens. 

Beginners should make the following preparations in normal saline, while 
advanced students should make stained permanent mounts : 

a. The contents of a seminal vesicle* One of the seminal vesicles of 
a freshly killed worm should be removed and its contents examined in 
normal saline. In addition to the various developmental stages of spermatozoa, 
viz., spermatocytes, spermatids, etc , one also comes across various stages 
in the life-history of Monocystis, which is a protozoan parasite of the 
earthworm. Permanent preparations of the contents of the seminal vesicles 
can be made by fixing thin smears in strong alcohol or acetic corrosive 
sublimate. These should be stained with Delafield’s haematoxylin, dehydrated 
and mounted in balsam. 

b. The contents of a spermatheca. On opening the diverticulum of a 
spermatheca on a slide in normal saline, 5 to 8 groups of fully formed 
active spermatozoa are usually found. Permanent smear-preparations of the 
contents of a spermathecal diverticulum are very instructive. 

c. The ovaries. The „ ovaries wilt be found attached to the posterior 
face of the septum 13/14 beneath the gut. They should be removed along 
with the septum and mounted in balsam after staining. 

VIII. MICROTOME SECTIONS. 

Microtome transverse sections passing through the following regions 
are very instructive and should be carefully examined : 

(a) Pharynx (fig. 9). (6) Gizzard (fig. 11). (c) Seminal vesicles (fig. 32) 
( d ) Hearts (figs. 19 and 27), <e) Spermathecae (fig. 33). (f) Intestine (fig. 12). 

Besides these, a longitudinal section of the anterior region, as shown 
in fig. 10, is very instructive. Such a section stained with iron haematoxylin 
and muci-haematein shows epidermal and pharyngeal gland-cells and the 
receptor organs. 

For purposes of sectioning, worms should be fed on wet blotting-paper 
until their faeces contain no trace of earth, after which they should be kept 
for a couple of days in a clean moist cloth to clear the gut of blotting 
paper. They should then be fixed in Bouin’s fluid, 

IX. COCOONS AND EMBRYOS . 


In order to obtain cocoons it is best to select a piece of ground showing 
castings of pheretima in April to June or in September-October, put aheap 
of earth in a sieve and stir the earth while keeping the sieve in a bucket 
of water. The earth passes through the sieve while the cocoons remain in the 
sieve along with some pebbles and stones. The cocoons are easily picked up 
with a camel-hair brush. The cocoons are opened in normal saline with a pair 
of needles under a dissecting microscope. Embryos of all ages can be obtained 
and studied by making whole mounts or by sectioning. 
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IV. PlLA (The apple-snail). By Baini Prashad. With 43 

text-figures. Rs. 3, 

Nature — “The laboratory manual on the snail as a type of gastroppd 
mollusc is itself a model of what such a book ought to be”. 

Science Progress — “Both the author and the editor are to be congratu- 
lated on this memoir, which in utility, manner of presentation and general 
get up is worthy of inclusion in a series whose previous members have .set 
up such a high standard”. 

V. HERDMANIA (The monascidian of the Indian seas). By 

S. M. Das. With 3 coloured plates and 59 text- 
figures. Rs. 3-8. ■ .. 

Nature — “The author is to be congratulated on this dearly written 
and well-illustrated monograph. It is hoped that more volumes in this series 
will soon appear.” 

Science Progress — “The high standard set by the earlier memoirs of the 
series is maintained by the book and it will doubtles be a valuable guide 
to students in many colleges in India, as well as a reference volume of consider- 
able importance to workers all over the world”. 

Science and Culture— "'This zoological memoir fulfils a great need for 
the study of an Indian type of the important class Tunicata, studied every 
year in laboratories of Indian Universities. It is well illustrated, written 
in a clear manner, and fully maintains the standard setup in the previous 
memoirs”. 

Science Progress —“The monograph on the common Indian Simple Ascidian 
is a worthy addition to the series edited by Prof. K. N. Bahl and should be of 
great value. The Indian series fulfils the function performed in this country by 
the memoirs of the L. M. B. C. and deserves encouragement”. 

VI. PALAEMON ( The Indian river prawn). By S. S. 
Patwardhan. With 65 text-figures. Rs. 3. 

Current Science— 11 Both the author and the editor are to be congratu- 
lated on the production of this fine work, which will undoubtedly be of 
great use both to students and teachers. Dr. Bahl, the editor of the series, 
deserves the thanks of all Indian zoologists for maintaining the high standard 
of these memoirs”. 

Nature-* 1 “The series of ‘Indian Zoological Memoirs’ has been enriched 
by an excellent monograph, illustrated by 65 text-figures, on Palsemon. 

The illustrations are good black and white drawings in close proximity to 
the descriptions of the parts, and there are directions for the necessary 
dissections”. 

VII. SALMACIS ( The Indian sea-urchin ) By R. Gopala 

Aiyar. With a frontispiece and 47 text-figures. Rs. 3 

Current Science — “The seventh memoir of the series on Salmacis 
bicolor fully maintains the high standard of the earlier volumes,,,, ..The / 

illustrations, a plate and 47 text-figures, are clear and well reproduced 
and add greatly to the usefulness of the work”. 

Nature ~~ “The book provides a complete manual for the use of the 
student of Zoology. AH the memoirs have exhibited a high degree of 



technical excellence, and the present memoir does not fall below this high 
Zoologists in India owe a debt of gratitude to Prof. Bahl, to whose 

enthusiasm this series of manuals is due. Further thanks and congratulauons 

are due to Prof. R. Gopala Aiyar for the excellent and workman-like accoun 
of this Indian sea-urchin”. 

VIII. HlRUDINARIA (The Indian cattle leech). By M. L. ^ 
Bhatia. With a frontispiece, 3 coloured plates and 
56 text-figures. Rs. 3. 

Nature — “The monograph is a straightforward and readable account 
of Hirudinaria. The book contains a very good account of the anatomy 
and histology of che leech illustrated by clear drawings. Exceptional y 
useful are the chapters dealing with the ccelom and haemocoel system 

and the excretory system, matters that receive inadequate treatment m 

most text-books. The monograph reaches a high level and ls ^ * 

welcome since the information it contains is not readily available to t e 
ordinary student. Author, editor and publisher alike deserve the congratu 
tions and thanks of zoologists not only in India but in other countries as 

WCil Current 5cfence-“It is a very welcome addition to the volumes already 
published in this invaluable series of monographs on Indian anima s « 
descriptive account is clear and concise and is copiously illustrated with 
beautiful figures specially prepared by the author. Special attention may 
be directed to the coloured illustrations of the blood-supply and the figures 
illustrating the structure of the nephridia and the histo ogy o tie various 

OIga The memoir is very will printed and is exceptionally good value 
for the price. Both the editor and the author are to be congratulated on 
the publication of this monograph, which is sure to prove of great use both 
to teachers and students of Indian Zoology”. 

Science and Culture— “ The memoir is of much help to the teachers and 
students in almost all the universities of India. Its publication adds greatly 
to the value of the excellent series of Indian Zoological Memoirs. 

The description is given in a lucid style and is illustrated with clear 
and instructive diagrams. The account of the coelom, the hmmocoelomic 
system and the excretory system may be marked out as the most outstanding 
part of this work, which shows much originality and thoroughness of study. 
The detailed account of the htemocoelomic system given for the first time 
in this memoir leaves nothing to be desired. The three beautifully coloured 
figures of the haemocoelomic system are a noteworthy feature . 
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1. PHERETIMA {The Indian earthworm). By K. N. Bahl. 

{Fourth Edition ). With 41 text-figures. Rs. 2-12. 

Nature—" Prof. Bahi’s account of the common earthworm sets a worthy 
standard for the series. As would be expected from the author’s published 
papers, the accounts of the vascular and excretory systems are particularly 
full and well done .....The author is to be congratulated upon his suggestion 
that memoirs on common Indian animals should be prepared and upon his 
wn excellent contribution to the series”. , 

Science Progress-—" The book indicates considerable care on the part 
of the author and sets a high standard for the eries. It is plainly written 
and is singularly free from typographical errors”. 

Nature — ‘Ten years after its first appearance. Prof K. N. Bahl’s 
monograph on Pheretima t the Indian "earthworm, has passed into a second 
edition. That is sufficient to indicate that the work has found its place as 
a guide to teachers and students of Indian Zoology, as one of the excellent 
series of Zoological Memoirs on Indian Animal Types, projected and edited 
by Prof. Bahl. The first edition was favourably reviewed in NATURE 
and the second is even better in that the author has revised the text and 
incorporated new information and illustrations”. 

Tn its new form, where every chapter has been critically revised and 
added to, the illustrations improved, and the recent work included, it should 
be assured of a new lease of life”. 

Science Progress —“The author is to be congratulated on the improve* 
ment in the present edition, and as editor on the series of which it forms 
so worthy a member”. 

If. SCOLIODON (The shark of the Indian seas). By E. M. 
Thillayampalam. ( Third Edition ). With 87 coloured 
plates and text-figures. Rs. 3-12. 

Nature — “Prof. Bahl., ....set a good standard w%ich is well maintained 

in the present publication We trust that these memoirs will become a 

regular feature of the teaching of Zoology in India”. 

Science Progress — “The work maintains the standard of its precursor 
in the series, .....The whole account is well written and quite up to date” 

Nature™*' “The anatomical account is interestingly written and excellently 
illustrated. We are pleased to see modern views on locomotion, and a more 
.functional tone throughout the anatomy”. 

III. OSTREA CUCULLATA {The Bombay oyster). By P. R. 
Awati and H. S. Rai. With 51 text-figures. Rs. 2-8 

Science Progress— "It is a worthy addition to the volumes that have 
preceded it. Printing, illustrations and general get-up of the book are good. 
The descriptions are lucid and the text remarkably free from-' technical errors”. 


IV. PlLA ( The apple-snail). By Baini Prashad. With 43 

text-figures. Rs. 3. 

Nature— “The laboratory manual on the snail as a type of gasfcroppd 
mollusc is itself a model of what such a book ought to be”. 

Science Progress — “Both the author and the editor are robe congratu- 
lated on this memoir, which in utility, manner of presentation and general 
get-up is worthy of inclusion in a series whose previous members have .set 
up such a high standard”. 

V. HERDMANIA ( The monascidian of the Indian seas). By 

S. M. Das. With 3 coloured plates and 59 text- 
figures. Rs. 3-8. 

Nature— 1 “The author is to be congratulated on this dearly written 
and well-illustrated monograph. It is hoped that more volumes in this series 
will soon appear. ” 

Science Progress — “The high standard set by the earlier memoirs of the 
series is maintained by the book and it will doubtles be a valuable guide 
to students in many colleges in India, as well as a reference volume of consider- 
able importance to workers all over the world”. 

Science and Culture— This zoological memoir fulfils a great need for 
the study of an Indian type of the important class Tunicata, studied every 
year in laboratories of Indian Universities. It is well illustrated, written 
in a clear manner, and fully maintains the standard setup in the previous 
memoirs”. 

Science Progress —“The monograph on the common Indian Simple Ascidian 
is a worthy addition to the series edited by Prof. K. N. Bahl and should be of 
great value. The Indian series fulfils the function performed in this country by 
the memoirs of the L. M. B. C, and deserves encouragement”. 

VI, PALAEMON ( The Indian river prawn). By S. S. 
Patwardhan. With 65 text-figures. Rs. 3. 

Current Science— Both the author and the editor are to be congratu- 
lated on the production of this fine work, which will undoubtedjy be of 
great use both to students and teachers. Dr. Bahl, the editor of the series, 
deserves the thanks of all Indian zoologists for maintaining the high standard 
of these memoirs”. 

Nature — “The series of ‘Indian Zoological Memoirs' has been enriched 
by an excellent monograph, illustrated by 65 text-figures, on Palwmon. 
The illustrations are good black and white drawings in close proximity to 
the descriptions of the parts, and there are directions for the necessary 
dissections”. 

VII. SALMACIS (The Indian sea-urchin) By R. Gopala 
Aiyar, With a frontispiece and 47 text-figures. Rs. 3 

Current Science — “The seventh memoir of the series on Salmacis 
bicolor fully maintains the high standard of the earlier volumes, „,*,The 
illustrations, a plate and 47 text-figures, are dear and well reproduced 
and add greatly to the usefulness of the work”. 

Nat are—' 'The book provides a complete manual for the use of the 
student of Zoology. All the memoirs have exhibited a high degree of 




technical excellence, and the present memoir does not fall below this high 
level. 

Zoologists in India owe a debt of gratitude to Prof. Bahl, to whose 
enthusiasm this series of manuals is due. Further thanks and congratulations 
are due to Prof. R* Gopala Aiyar for the excellent and workman-like account 
of this Indian sea-urchin*’. 

VIII. HIRUDINARIA ( The Indian cattle leech). By M. L. 
Bhatia. With a frontispiece, 3 coloured plates and 
56 text-figures. Rs. 3. 

Nature — “The monograph is a straightforward and readable account 
of Hirudinaria. The book contains a very good account of the anatomy 
and histology of the leech illustrated by clear drawings. Exceptionally 
useful are the chapters dealing with the coelom and haemocoel system 
and the excretory system, matters that receive inadequate treatment in 
most text-books. The monograph reaches a high level and is particularly 
welcome since the information it contains is not readily available to the 
ordinary student. Author, editor and publisher alike deserve the congratula- 
tions and thanks of zoologists not only in India but in other countries as 
well”. 

Current Science *™' ‘It is a very welcome addition to the volumes already 
published in this invaluable series of monographs on Indian animals. The 
descriptive account is clear and concise and is copiously illustrated with 
beautiful figures specially prepared by the author. Special attention may 
be directed to the coloured illustrations of the blood-supply and the figures 
illustrating the structure of the nephridia and the histology of the various 
organs. 

The memoir is very will printed and is exceptionally good value 
for the price. Both the editor and the author are to be congratulated on 
the publication of this monograph, which is sure to prove of great use both 
to teachers and students of Indian Zoology”. 

Science and Culture — “The memoir is of much help to the teachers and 
students in almost all the universities of India. Its publication adds greatly 
to the value of the excellent series of Indian Zoological Memoirs. 

The description is given in a lucid style and is illustrated with clear 
and instructive diagrams. The account of the coelom, the hasmocoelomic 
system and the excretory system may be marked out as the most outstanding 
part of this work, which shows much originality and thoroughness of study, 
The detailed account of the haemocoelomic system given for the first time 
in this memoir leaves nothing to be desired. The three beautifully coloured 
figures of the haemocoelomic system are a noteworthy feature”. 



